Efficiency enhancement of compatibilisers based on polyolefin–polyhydroxyether co-ionomer by Alberto Moggi (7126610)
LOUGHBOROUGH 
UNIVERSITY OF TECHNOLOGY 
LIBRARY 
AUTHOR/FILING TITLE 
_____________ ~O_G:¥:. '-1 __ lL ________ -_ -__ -------
--- -- - ----- ----------------- ---- --- ----- - - ---------
."., ACCESSION/COPY NO. , 
", ", ,".~_! ______ ~ ______ ~~_~?_':t8"_(, ___________ - - --- - --
• VOL. NO. CLASS MARK 
;-.>' 
L 01\... 0.."<'1 
-~ -80CT1S99 
J 0 DEC 1993 
30 JUN \9951 
111111111111111111111 

EFFICIENCY ENHANCEMENT OF COMPATIBILlSERS BASED 
ON POLYOLEFIN·POLYHYDROXYETHER CO·IONOMER 
by 
ALBERTO MOGGI 
Thesis Submitted in Partial Fulfilment for the Award of 
MASTER OF PHILOSOPHY 
of the 
LOUGHBOROUGH UNIVERSITY OF TECHNOLOGY 
Supervisor: Dr. L. MASCIA 
Institute of Polymer Technology 
and Material Engineering 
© by Alberto Moggi 1992 
---------------------
/ 
I-::;::'::'···;:~;··:::··::~;·l 
.' -~_~;r~_;,_~~_--=~~ l 
CN:~~Sb 
W'1'1'Z 07'1 'f 
, 
- --
ABSTRACT 
Blends of poly(butylene-terephtalate) and poly( ethylene-co-butyl-acrylate were prepared 
in a twin screw extruder and their morphology , thermal properties and mechanical properties 
evaluated. • 
No evidence of compatibility was found and the interfacial adhesion between the two 
polymer phases was shown to be very low. 
A compatibiliser was produced by mixing a poly(ethylene-co-methacrylic acid) ionomer 
(Surlyn 8660) with a poly(hydroxyether of bisphenol A) (Phenoxy polymer, Ucar PKHH). 
Its properties were tested and its efficiency as compatibiliser forthe blend was investigated. 
The compatibiliser was found to be effective in increasing the interfacial adhesion and 
the mechanical properties of the blend (i.e. 10% increase in stress at yield for the polyester 
rich blend and 50% in strain at yield for the polyolefin rich blend). 
In an attempt to improve the compatibility efficiency of the compatibiliser the production 
of more homogeneous compatibilisers was pursued. 
Two methods for improving the homogeneity of the compatibiliser were investigated: 
a) incorporating an ABA oligomer as a permanent co-solvent for the phases, 
b) by adding Na+ ions (NaOEt) in order to form a co-ionomer. 
The effect of these compatibilisers was evaluated on blends of polyesters and polyolefins, 
as outlined before. A further improvement in the phase dispersion was detected, reflected 
by an increase in the mechanical properties (14% increase in yield stress for the polyester 
rich blends and 90% increase in strain at yield for the polyolefin rich blends). 
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Blend, Compatibiliser, Co-ionomer, ABA Oligomer, Polybutylene-terephtalate, 
Polyethylene-co-methacrylic acid, Polyhydroxyether, Epoxy, Montanic acid. 
ACKNOWLEDGEMENTS 
I would like to thank Dr. L. Mascia, my supervisor, for the time and the discussions 
devoted to this work. His help and encouragement has been a very important guidance 
throughout this project. 
My thanks also go to Dr. I. Sutherland, in Chemistry Department, for his help with 
the FTIR. 
I would like also to thank the technicians in the department, especially Ray, for their 
help. 
I would like to thank, as well, all my friends in the University, specially Faiza, Fatima, 
Fadhil and all the others who helped me throughout the period I spent at Loughborough. 
Finally I wish to dedicate this work to my parents who supported me throughout this 
period. 
Table of Contents 
1 INTRODUCTION .......................................................................................... 1 
1.1 ECONOMIC ADVANTAGES OF BLENDS ........................................ 1 
1.2 TIIE CONCEPT OF COMPATIBILITY IN BLENDS ......•.................. 2 
1.2.1 GENERAL APPROACH TO POL YMER-POL YMER 
?vflSCIBII.,ITY ............................................................................... u ........ n.. 3 
1.2.2 SINGLE PHASE POLYMER BLENDS ....................................... 5 
1.2.3 UTILISATION OF TWO PHASE POLYMER BLENDS ............ 5 
1.3 CHARACTERISATION OF POLYMER-POLYMER MISCIDILITY 
....................................................................................................................... 6 
1.3.1 OPTICAL METIIOD ..................................................................... 6 
. 1.3.2 TIIERMAL ANALYSIS ................................................................ 7 
1.3.3 MICROSCOPY .............................................................................. 7 
1.3.4 OTIIER METHODS ...................................................................... 8 
1.4 GENERAL ASPECT OF COMPATIBILITY ....................................... 8 
1.5 AIMS OF TIIE INVESTIGATION ....................................................... 9 
2 LITERATURE SURVEY .............................................................................. 11 
2.1 BLOCK COPOLYMER COMPA TIBILISERS .................................... 11 
2.2 GRAFT COPOLYMERS .................... .... .... ........................................... 14 
2.3 SPECIFIC INTERACTIONS ................................................................. 16 
2.3.1 ION-DIPOLE INTERACTIONS ................................................... 16 
2.3.2 HYDROGEN BONDS ................................................................... 17 
2.4 POL YESTER-POLYOLEFIN BLENDS ............................................... 18 
3 EXPERIMENTAL PROCEDURES .............................................................. 19 
3.1 MATERIALS FOR TIIE PRODUCTION OF ABA BLOCK 
OLIGOMERS ............................................................................................... 19 
3.2 MATERIALS FOR TIIE PRODUCTION OF COMPATIBILISERS 
FOR POL YESTER-POL YOLEFIN BLENDS ............................................ 20 
3.3 SAMPLE PREPARATION ................................•................................... 21 
3.3.1 SYNTHESIS OF ABA BLOCK OLIGOMERS ....•....................... 21 
3.3.2 PREPARATION OF POLYMER BLENDS USING A 
PLASTOGRAPH .................... ........................................•..... ............ ...... 22 
3.3.3 PREPARATION OF POLYMER BLENDS USING AN 
EXTRUDER .............. ........................... .... .............................................. 22 
3.3.4 PREPARATION OF TEST PLAQUES AND BARS BY 
COMPRESSION MOULDING .............................................................. 23 
3.3.5 PREPARATION OF THIN FILMS BY MEANS OF A 
MICROTOME ........................................................................................ 24 
3.3.6 PREP ARA TION OF TENSILE BARS ......................................... 24 
3.3. 7 PREPARATION OF SEM SAMPLES .......................................... 24 
3.3.8 ANNEALING ................................................................................ 25 
3.4 SAMPLE ANALYSIS ........................................................................... 25 
3.4.1 INFRARED .................................................................................... 25 
3.4.2 TIIERMAL ANALYSIS ................................................................ 26 
3.4.3 SCANNING ELECTRON MICROSCOPY .................................. 28 
3.4.4 MEASUREMENT OF TENSILE STRESS-STRAIN 
PROPERTIES ......................................................................................... 29 
3.4.5 SOLUBanY lESTS ...... n ................... · ......... u.............................. 31 
3.4.6 WATER ABSORPTION ............................................................... 31 
i 
3.4.7 MEASUREMENT OF ACID VALUES ........................................ 32 
4 RESULTS ....................................................................................................... 33 
4.1 ABA OLIGOMER ................................................................................. 33 
4.1.1 DIFFERENTIAL SCANNING CALORIMETRY (DSC) ............ 33 
4.1.2 INFRARED .................................................................................... 33 
4.1.3 ACID NUMBER ............................................................................ 34 
4.2 SURL YN-PHENOXY BLENDS ........................................................... 34 
4.2.1 DIFFERENTIAL SCANNING CALORIMETRY (DSC) ............ 35 
4.2.2 SCANNING ELECTRONIC MICROSCOPY (SEM) .................. 36 
4.2.3 TENSILE TESTS ........................................................................... 38 
4.2.4 SOLUBILITY TESTS ................................................................... 39 
4.2.5 INFRARED .................................................................................... 40 
4.2.6 WATER ABSORPTION ............................................................... 41 
4.3 POLYESTER-POLYOLEFlN BLENDS ............................................... 42 
4.3.1 DIFFERENTIAL SCANNING CALORIMETRY (DSC) ............ 42 
4.3.2 SCANNING ELECTRON MICROSCOPY (SEM) ...................... 44 
4.3.3 TENSILE TESTS ........................................................................... 46 
5 DISCUSSION ................................................................................................. 49 
5.1 ABA BLOCK OLlGOMERS ................................................................. 49 
5.2 COMP A TlBILISER ............................................................................... 49 
5.3 POLYOLEFlN-POL YESTER BLENDS ............................................... 52 
5.4 CONCLUSIONS ................................................................................... 55 
5.5 SUGGESTIONS FOR FURTHER WORKS ......................................... 56 
6 REFERENCES ............................................................................................... 58 
7 APPENDIX I TABLES ...•.................•........................................................... 63 
8 APPENDIX IT FIGURES .............................................................................. 75 
ii 
1 INTRODUCTION 
1.1 ECONOMIC ADVANTAGES OF BLENDS 
Polymers are a class of materials that have become more and more important in our 
society. They provide cheap and versatile products for a wide range of applications: from 
the car industry to food packaging, from textile fibres to building preservation. 
The market for modem materials is continually evolving and constantly enlarging its 
requirements for new uses and formore favourable perforrnance-costratio. All the cheap 
and easy accessible monomers from the petrochemical industry have, however, been 
exploited.. In fact, although the production of polymers has increased fast, from 13 million 
tons in 1963 to more than 120 million tons in 1990, this increase has primarily relied on 
the production of well established polymers. In the same year the production of only 
four polymers, polyethylene, polypropylene, PVC and polystyrene has accounted for 
nearly 80 million tons(l·2), while less than 2% of new polymers synthesised every year 
have been commercialised(3), owing to their excessive costs. 
Itis natural that researchers have increasingly applied to polymers the well established 
practice exploited in metallurgical science: i.e. blending two materials together in order 
to obtain a balance of properties not achievable with individual components. 
The first example of polymer blends dates back to 1912'4) but the wide scale industrial 
development of blends is much more recent. Polymer blends, in 1983, accounted for 
only 3% of the total polymer production(3) but from the standpoint of commercial 
applications and developments polymer blends represent one of the fastest growing 
segments of polymer technology. In 1987 it was estimated that 60 to 70% ofpolyolefins 
and 23% of other polymers were sold as blends. In the late 80' s the overall annual growth 
rate of the plastic industry was 2 to 4%, while, that of polymer blends in the region of 
10%. 
The commercial development of polymer blends and alloys is driven by more 
favourable economics than the more conventional routes to new products. Blend systems 
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comprising existing materials have a good perfonnance-cost ratio. For instance, if one 
has an expensive polymer whose properties are better than what is needed for a new 
application, it may be blended with a cheaper polymer so that the properties of the 
resulting polymer blend have an adequate performance-cost ratio. In other words the 
standards of performance required by the new application can be satisfied by mixtures 
of commercially available polymers. This approach gives the chemical industry a very 
versatile range of products. In fact many different materials with un~que properties can 
be obtained by just varying the concentrations of the components in a blend, allowing 
thus a much faster and cheaper development of 'new' materials compared to the more 
conventional approach to the synthesis of a new polymer. 
1.2 THE CONCEPT OF COMPATIBILITY IN BLENDS 
In spite of their economic advantage the number of highly successful blends is still 
small. Generally three problems are associated with the preparation of blends; 
compatibility, blend stability and reproducibility. 
When mixing polymers the resulting product can be either a single or a multi-phase 
system. The borderline between the two is not easily described. 
A first step toward a rational subdivision is to say that a polymer blend is miscible 
when it fonns a stable homogeneous mixture which exhibits the macroscopic properties 
expected for a single-phase material. 
The second step is the definition of homogeneity as a domain whose dimensions are 
similar to those responsible for the macroscopic property of the 'material'(S). 
In so doing one puts forward a threshold in the fonn of a characteristic domain size 
above which the polymer blend has heterogeneous properties and below which it displays 
homogeneous macroscopic properties. 
Generally speaking the glass transition temperature (Ta) is the critical property used 
to asses miscibility. A blend exhibiting a single Ta is usually considered miscible. 
Problems can occur if the components of the blend have very close Tg values. In this 
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case other techniques can be employed. Conformity to this criterion implies a level of 
homogeneity up to a scale whose dimensions are similar to the segmental size responsible 
for the major glass transition, i.e. it assures only a 'mechanical compatibility'. 
This criterion, however, does not strictly satisfy the definition of miscibility. From 
a thermodynamic standpoint the level of homogeneity has to be up to a scale equivalent 
to the range of intramolecular forces. 
1.2.1 GENERAL APPROACH TO POLYMER-POLYMER 
MISCIBILITY 
Many authors have tried to determine the criteria for the miscibility of two polymers. 
The f'IrSt condition that one usually meets in the literature(S) is that the free energy of 
mixing has to be negative, 
(1) 
This is a necessary but not sufficient condition. An homogeneous single phase 
polymer blend has to satisfy eq.1 but the same blend could achieve an even lower level 
of free energy by splitting in two phases, depending on the shape and position of the 
coexistence curve. 
Gibbs(6) has fixed the complete criteria to determine thermodynamic miscibility for 
a binary system: 
(2) 
( <fG . J ~~ T.P =0 (3) 
(CfG":) =0 ~ T.P (4) 
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where Allt=ehemical potential in phase A, AIl,B=ehemical potential in phase B, 
G_=Gibb's free energy of mixing and IP2 the volume fraction of the solute. 
From a degeneration of these criteria it follows that AGmi• is negative in the miscible 
region. 
By accepting this assumption many theoretical studies have been made in an attempt 
to predict the miscibility of a polymer blend. 
Expressing the free energy in the form ofFlory-Huggins entropyC7-10) and considering 
only polymers, with a degree of polymerisation tending to infmite, so that AS_ tends 
to 0, the condition AG_<O reduces to the condition MI...<O and, thus, this criterion 
follows: 
(5) 
where V is the total volume, Vrthe volume of each interacting" segment, R the gas constant, 
T the absolute temperature, cp the volume fraction of each component and ;(12 the 
Flory-Huggins interaction parameter of the two components. 
Other attempts to predict the miscibility of two polymers have been carried out using 
the Hildebrand solubility parameter 0 for polymer-solvent systems(II).'Ihis was extended 
to polymer-polymer systems by Bohn(l2), producing the criterion: 
(6) 
This approach to the problem looks very attractive because of its ability to characterise 
a system using only component properties, making it possible to choose compatible 
components without practical experiments. 
Despite the large amount of work done in this area, however, the Hildebrand approach 
has generally failed in predicting miscibility of polymer blends. Further refinements 
have been added taking in account polarity and hydrogen-bonding effects. They have 
been helpful, but again have failed in the task of describing the chemical structure that 
4 
would produce miscibility. 
The criterion developed from the Flory-Huggins approach, on the other hand, can be 
reduced to the condition that XI2 be negative, all the other values in the equation being 
positive. 
This criterion considers a wide range of interactions: non-polar, polar, 
hydrogen-bonding, charge transfer, electronic and electrostatic. Several empirical 
relation have been obtained to relate XI2 with measurable physical properties, like heat 
of mixing and specific heat. 
1.2.2 SINGLE PHASE POLYMER BLENDS 
The main advantage in miscible polymer blends is that useful properties and 
commercially viable products are often possible over the entire composition range. 
Another advantage is that the Tg and mechanical properties are, generally, governed by 
an arithmetic semi-empirical rule, derived from extensive experimental data: 
(7) 
where Pis the investigated property, ql the fraction of each component and I an interaction 
term that can be positive, negative or zero. If I is positive one has a synergistic effect, 
if is zero then the resulting values will be a weighted average, and less than the average 
if I is negative. 
The advantages of single-phase blends are also seen in injection moulding, with 
respect to surface characteristics and weld-line strength. 
1.2.3 UTILISATION OF TWO PHASE POLYMER BLENDS 
Contrary to a single phase blend, a two phase blend is particularly useful if one phase 
is the major continuous phase. A typical example is the improved impact strength 
exhibited by the blends. They can be exemplified by systems like IllPS where strong 
but brittle polymer like PS surrounds a dispersed rubbery phase. 
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The opposite to this is the production of 'thermoplastic rubbers'. To achieve these 
characteristics the blend has to have a continuous amorphous phase having a TB below 
the usage temperature and a dispersed phase with TB or Tm above the usage temperature. 
In this system the dispersed phase acts like a crosslink in restricting the movements of 
the rubbery matrix. 
Two phase blends are also used to improve the environmental stress cracking 
resistance. 
A very important role is played by the interfacial adhesion in the ultimate mechanical 
properties. The interface, in fact, represents the point of greater weakness of the blend. 
IT the affinity between the components is low, the result is a blend with mechanical 
properties significantly lower then expected from the average value of the pure 
components. 
1.3 CHARACTERISATION OF POLYMER-POLYMER 
MISCIBILITY 
A wide range of techniques are available to determine polymer-polymer miscibility, 
the nature of the phases and the interaction between the phases. However, for an 
investigator interested primarily in the technological applications and the macroscopic 
properties of the blend it is sufficient to carry out optical, thermal or microscopic 
examination. 
1.3.1 OPTICAL METHOD 
A heterogeneous system where one phase is fine dispersed in a matrix scatters light 
according to the size of the dispersed particles. This property can be applied, therefore, 
to investigate potymer miscibility. 
A single phase polymer blend will have a single refractive index that will have a 
value related to the indices of the pure substances by eq.7. A polymer blend comprising 
two phases, on the other hand, will be opaque, provided that the particles are big enough, 
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the refractive indices of the component are different and the sample is thick enough to 
allow light to encounter both phases. 
This is not, however. an accurate method because if some of these conditions are not 
satisfied than one can have transparent two phase blends. 
1.3.2 THERMAL ANALYSIS 
Thennal analysis is widely used to asses miscibility of polymers. Mainly Ta is 
measured but also Tm. if at least one of the component is crystalline. 
If miscibility occurs the melting peak is moved according to the value of X12. while 
T, depends on the morphology of the amorphous phase. When two polymers are mixed 
a disruption occurs in the structure and the result can be a single and sharp T,. at an 
intennediate value between those of the constituents. indicating miscibility. If the 
transition is still intennediate between the two. but broad the blend is on the borderline 
of miscibility. A non miscible blend. on the other hand, will present two separate 
transitions at the same temperatures as for the separate components. 
Problems can arise in interpreting the results if the Ta of the two components differ 
by less than about 20·C. 
1.3.3 MICROSCOPY 
Optical microscopy is used if the refractive indices of the two products are sufficiently 
different. If one of the component is crystalline polarised light can be used to enhance 
the contrast. 
Transmission Electron Microscopy is widely used. Electron opacity differences are 
achieved by selective chemical reaction or by annealing in the electron beam. The very 
good resolution of the instrument has allowed to show that heterogeneity can be present 
even in miscible systems. 
Scanning Electron Microscopy is also used to observe the topology of surfaces from 
samples fractured in the glassy state. 
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1.3.4 OTHER METHODS 
Several other methods have been used to investigate the miscibilty of blends, 
including x-ray and other scattering methods. They are generally used to characterise 
chain conformation,local order and gross morphology. The cloud point curve has been 
extensively used to determine the phase behaviour together with the new pulse-inducted 
critical scattering. 
Solution methods, like mutual solvent or inverse gas chromatography, are also used. 
The first is used mainly to study the morphology of paints and varnishes. The second 
technique is used to determine properties like Ta' T m' crystallinity, interfacial energy etc. 
Other methods can be applied to determine polymer-polymer miscibility, like 
rheological studies, NMR but their use is very rare for this purpose. 
1.4 GENERAL ASPECT OF COMPATIBILITY 
As previously outlined (§ 1.2.2) miscible blends, being monophase systems, give 
better stability and reproducibility of their properties as compared to non-miscible blends. 
The two major obstacles in the development of heterogeneous blends in the 'materials 
market', in fact, are the instability of morphology in processing condition and the phase 
ageing process. Manufacturers are interested in amaterial that behaves as ahomogeneous 
polymer, from the processing point of view, but that maintains the advantages of 
heterophase systems. 
The way to achieve such characteristics is to stabilise the inter-phase by means of 
compatibilisers to produce alloys. 
This task is performed by the addition of an agent that modifies the interfacial 
properties of the system. It has been, in fact, demonstrated that the phase structure (i.e. 
dispersed particle size) in incompatible polymer blends is indirectly proportional to the 
interfacial tension(l3J4.15). 
One of the areas on which is focused the interest of research in polymer blends is in 
improving the toughness of strong but brittle polymers. One of the best known examples 
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is IllPS, but more recent efforts are directed towards blends where the matrix is 
crystalline, as 60% of the market for plastics makes use of crystalline polymers. 
Polyesters blended with polyolefins, elastomers or ionomers are particularly attractive 
for engineering applications as they would offer a good combination of mechanical 
properties and economical advantages. 
The two class of polymers are, generally, highly incompatible. Polyesters are rich in 
polar groups while polyolefms have none; thus the interactions required for miscibility, 
i.e. hydrogen bonds or dipolar interactions, can not occur. In addition, 
polyester-polyolefm blends, being both polymers crystalline, will tend to phase separate 
during crystallisation. 
The work fora Ph.D thesis(16) in this area at Loughborough University of Technology 
has shown that the miscibility of PET/HDPE blends can be enhanced by mean of a 
compatibiliser made of two polymers, each showing compatibility with either PET or 
HDPE. 
The compatibiliser was made from mixtures of poly(hydroxy-ether of bisphenol A), 
(Phenoxy), and a sodium neutralised ethylene-methacrilic acid copolymer, (Ionomer). 
1.5 AIMS OF THE INVESTIGATION 
The aim of this research is to continue the current work mentioned previously(16) in 
an effort to improve the efficiency of the compatibilisers. 
The decision to investigate polyester-polyolefm blends was made on the basis of the 
importance of these materials,judged by the large amounts ofpatents(17.18,19) and literature 
on the subjecL The interest of companies in this field is, partially, explained by the recent 
availability of high purity recycled resins(20). 
The focus on this work is, however, mainly directed on the compatibiliser with a 
view to understand the interactions between its components. 
In order to improve the solubility of the two components (Phenoxy and Ionomer) of 
this system the approach taken is to add a common permanent solvent/dispersing agent 
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based on different molecular weight ABA oligomers. They are produced by reacting 
bisphenol A based epoxy resins of varying molecular weights with montanic acid, in 
order to have the two ends of the oligomer miscible with the Ionomer and the middle 
part miscible with Phenoxy. 
The effect of ABA oligomers is to be compared with that of increasing the physical 
interactions between Phenoxy and Ionomer by the further addition of sodium etoxide 
(NaOEt) in order to increase the concentration of ionomeric clusters in the system. 
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2 LITERATURE SURVEY 
As outlined in the fIrst chapter, non miscible polymer blends are increasingly 
attracting the interest of reseaIch workers, who are mainly concerned with toughening 
brittle polymers and the production of thermoplastic elastomers, as well as recycling 
waste from polymer products(2I,22). 
In mixing incompatible polymers one faces two major problems, namely instability 
of morphology in processing and poor mechanical properties of the resulting blend, 
compared to those of the pure components. 
Both problems can be associated with the low attractive forces between the two 
polymers, resulting in poor force transfer across the phases, which in turn leads to 
interface cracks and their subsequential propagation(23). 
The fInal goal of both theoretical and practical research in this fIeld is to stabilize the 
phases in order to obtain reproducible blends displaying the required morphology. This 
goal is normally achieved by reducing the interfacial energy(24) by the addition of a 
compatibiliser. The compatibiIiser can be an external component added to the blend or 
a component created "in situ" by reactions across the interface between the two polymer 
components. 
The general effect of compatibiIisers is to act as a surfactant in the melt (Le. they 
lower the interfacial energy, thereby producing a fIner dispersion) and to promote 
interfacial adhesion between the phases in the solid state(2S). 
2.1 BLOCK COPOLYMER COMPATIBILISERS 
The addition of an external component at low concentration is widely used to create 
a more favourable morphology in order to improve the mechanical properties of a non 
miscible blend. Its behaviour has often been compared to that of an emulsifying agent 
in reducing the interfacial tension between the two phases. Block copolymers are 
normally recommended for this purpose(S,2I,22,25.27.29.30.33-37) 
This practice stems from the tendency of block copolymer molecules to concentrate 
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at the interface. This phenomenon has been studied theoretically by various authors. 
Leibler!ll) has demonstrated that the absorption of appropriately chosen copolymers at 
the interface between incompatible homopolymers can provide an efficient means of 
reducing the interfacial tension. He also concluded that the use of highly symmetrical 
copolymers could lead to the formation of a thermodynamically stable droplet phase of 
one of the polymers, which is protected by a surface layer rich in block copolymer. 
This has been demonstrated experimentally by Anastasiadis et al.(33) on the system 
polystyrene-l,2polybutadiene with poly(styrene-b-l,2butadiene) as compatibiliser. 
They measured the interfacial tension with the method of the automated pendant drop, 
developed by themselves and obtained a linear correlation with the concentration of the 
compatibiliser up to the critical micelle concentration (CMC). This was found to be in 
line with the theoretical predictions of Noolandi(34) and Leibler!lI). 
Park and Roe reached the same conclusions through observations of the growth rate 
of the dispersed particles(40). Other authors have reached the same conclusions from 
indirect studies(31,38.41-43,s3). 
In recent work(41,42), Russel et al. have determined the thickness of interface layers 
when di-block copolymers are used as compatibiliser. The method used to measure the 
interface layer was to label both blocks of the copolymer with deuterium and then to 
examine the blend by neutron reflectivity. 
They found that as the amount of block copolymer added was increased the width of 
the gradient concentration between the two polymers components in the blend was 
increased up to 70%, demonstrating the occurrence of a significant penetration of the 
polymer components into the interfacial regions. This behaviour depends on the 
compatibiliser concentration. A linear relationship exists up to the critical micelle 
concentration, which corresponds to the saturation of the interface. Further addition of 
compatibiliser beyond this level does not produce additional improvements in properties 
of the blend, owing to the compatibiliser precipitating as a third phase. 
The best form of block copolymer as compatibiliser is generally believed to be one 
whose segments are chemically identical to those of the respective phases which one 
12 
wishes to compatibiIise(S,29,37-4s.49,so). Studies on this subject have shown that 
homopolymer chains can be completely solubilised in block domains of the same type, 
provided that the molecular weight of the homopolymers is less than that of the block 
copolymer46). Since total solubilisation, however, is not required the copolymers do not 
need to have higher molecular weight than the correspondent homopolymers. 
High molecular weight block copolymers, in fact, are not widely. used as 
compatibiIiser owing to the difficulties to synthesise the right type of blocks(29). 
If the block copolymer used to compatibilise a blend are chemically identical to the 
components of the blend the only driving force available to cause mixing orinterdiffusion 
between the homopolymer phase and the copolymer segments is derived from the rather 
small combinatorial entropy of mixing. On the other hand, there can be an enthalpy 
driving force, in addition to entropy, for the mixing of homopolymers and copolymer 
chains if the two are not chemically identical but form a miscible pair. This additional 
enthalpy driven interaction is believed to enhance the compatibiliser efficiency(2S,26). 
More commercially successful is the use of a block copolymers whose constituents 
are primarily miscible with or exhibit strong adhesion towards the phases to be 
compatibilised(21.26-28.30.32). 
The second problem faced in choosing a block copolymer as compatibiliser is to 
decide what types of blocks: i.e. di-, tri-, or multi-block or more complicated systems 
like star copolymers. 
Early work by Paul and Newman(23) suggest that di-block copolymers are better 
interfacial agents than graft and tri-block systems, because of the less effective 
penetration of the branches of the latter two systems into the homopolymer phases. It 
is, in fact, well known that the molecular architecture of a copolymer is an important 
factor in governing its miscibility with homopolymers(28·4s.48). 
Crosslinking as a method to form covalent bonds between components of an 
immiscible blend with the view to enhance compatibility has also been used in some 
instances. Various studies by Jiang et al. on AB crosslinked copolymer (ABCP) have 
led to the conclusion that the more complex the molecular architecture of a copolymer, 
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the higher are the confonnation restrictions of the chains in the domain, making it more 
difficult to solubilise the homopolymeP·4Sl• These ABCP were, however, quite difficult 
to characterise and, therefore, create uncertainties in the interpretation of the results. A 
more recent work by the same author suggests that di-block copolymers are better than 
graft and ABCP's and that, for non crosslinked systems, miscibility enhancement varies 
in the sequence di-block>tri-block>four-ann star. 
Paul et al. in more recent studies(22.25,26) have analysed the effect of ABA tri-block 
copolymers on the interfacial properties of different immiscible blends. They stressed 
the importance of using polymers which have good adhesion toward the components of 
the blend and showed that these are more effective in improving the properties of the 
blends. These authors suggest that the interfacial confonnation may be more complicated 
than what previously stated(25). 
Other studies on star shaped block copolymers have demonstrated that the limiting 
interfacial tension is identical to that for the corresponding di-block copolymers, but that 
the limiting behaviour has been achieved at significant lower copolymer 
concentration(49). To supponthis hypothesis are some thermodynamic calculations made 
by LeibldSO), which showed that multi-block copolymers should be more efficient than 
di-block systems. 
However, this issue is still debated and, at the moment, no final conclusions can be 
drawn. An enonnous amount of theoretical and practical work, in fact, is in progress to 
understand the real function of molecular architecture and molecular weight of block 
copolymers in their compatibility efficiency. 
2.2 GRAFT COPOLYMERS 
Graft copolymers are expected to present the same behaviour, with respect to 
miscibility enhancement, as block copolymers and are also used, therefore, to 
compatibilise immiscible blends. 
Although, some authors(38) believe that they are less effective as interfacial agents 
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than the conespondent block copolymers. graft copolymers are widely used(53-60) in 
practice because of their easier preparation. 
They can be prepared exploiting intennolecular interactions between functionalised 
polymers(S4) or by step polymerisation(S!» and added to the blend. More commonly. they 
are made directly in the bulk of the blend(53,5S.60) (i.e. in situ) via chemical reactions. 
Co-reactions in the bulk have been largely employed in the field of impact 
modification of glassy polymers with a rubbery dispersed phase. To enhance the adhesion 
between the phases grafting reaction are either carried out during polymerisation of the 
two monomers(5S) or through grafting on existing rubberparticles(S7). 
Other areas of application of reaction compatibilisation are to be found in the rubber 
industry where grafting is often achieved in bulk by breaking and reforming polymer 
chains via a radical mechanism induced by high shear rates or by addition of free radical 
generators (i.e. peroxides). 
More recently. in situ grafting reactions has been applied to polyesters and 
polyamides. Exchange reactions (i.e. transesterification or aminolation) between suitable 
reactive groups are exploited in order to modify the miscibility of polyester-polyolefm(53), 
polyester-polyethdS1) or polyamide-polyolefin blenMSJ,5s.60). 
Wu has compared the efficiency of fourteen poly(ethylene-propylene) rubbers. six 
of which contained 1 % by weight reactive groups (i.e. carboxyl acid) for blends with 
polyamides and polyesters. He analysed the dimensions of the dispersed phase and 
identified the causes for the reduction in particle size as being a) the viscosity ratio being 
close to 1. and b) the reduction in interfacial tension. This was best achieved with those 
'reactive rubbers' which proved effective in reducing the interfacial tension by several 
order of magnitude(S3). 
In a recent work. Serpe et al. (58) have demonstrated by IR analysis the presence of 
imide groups on the poly(ethylene-graft-maleic anidride) extracted. with the aid of a 
selective solvent from a polyamide-polyolefin blend. Thus providing additional evidence 
for the ability ofinducing chemical reactions between reactive groups of polymers during 
processing operations or by more carefully controlled compounding operation. 
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2.3 SPECIFIC INTERACTIONS 
Another important method exploited to enhance the compatibility of polymers is via 
the introduction of specific interactions. Olabisi(5) introduced the concept of 
'complementary dissimilarity' to describe the enhancement of miscibility of polymers 
whose chains are quite different but contain interactive groups to provide the driving 
force for miscibility. 
These interactions can be in the form of dipole-dipole, ion-dipole (between both 
permanent and inducted dipole); acid-base, charge transfer and hydrogen bonding. 
Itis not always easy to identify and categorise specific interactions between polymers, 
owing to difficulties in obtaining clear spectroscopy data. Moreover, there are cases of 
interactions which are intermediate, e.g. interactions with aromatic and conjugated 
bonds, which are even more difficult to characterise. 
2.3.1 ION·DIPOLE INTERACTIONS 
Many workers have concentrated on the use of ionomers to enhance miscibility in 
polymer blends(32.61~). 
The improvements in compatibility of ion containing blends are generally explained 
by the formation of 'ionic crosslinks' or 'ionic clusters'. The ions (generally cations) 
tend, in fact, to 'coordinate' with the counterions, thus forming clusters of ionic species 
from both components of the blend. At room temperature these ionic clusters act as 
physical crosslinks, forming aggregates of macromolecules comparable to block or graft 
copolymers in their capability to enhance interfacial adhesion. Their interactive forces 
are considered to be comparable in efficiency to hydrogen bonds(65). 
Previous studies(61-65) have shown that the concentration of ions is an important factor 
in inducing ion pairs to agglomerate in clusters. In these reports it is also stressed that 
miscibility increases with ion content. 
In a more recent work Park et al. (66) have investigated the effect of ion concentration 
on the formation of clusters. They studied the critical concentration required to form 
16 
clusters by analysing the trend in the increase ofT,. They have highlighted the separation 
of ionic and non ionic phases in the blends and the decrease in the ion critical 
concentration with increasing the molecular weight of the polymer. The first 
phenomenon can be easily explained by the segregation of ionic groups from the non 
polar species of the blend. The latter observation, on the other hand, could be interpreted 
in terms of entanglements of polymer chains with the higher molecular weight ionomers, 
which can lead to an easier formation of ionic clusters as a result of the lower diffusion 
of the chains into solubilised species. 
2.3.2 HYDROGEN BONDS 
Hydrogen bonding has also been exploited by various authors(61 ... ) as a way to enhance 
compatibility of blends. 
To have hydrogen bonds of significant strength two basic prerequisites are needed(S): 
a) an hydrogen atom covalently bonded to an electron withdrawing atom 
b) a structure which enables the acceptor atom to be at 180' with respect to the first 
bond. 
Coleman et a(561) have analysed the formation of hydrogen bonds by FTIR analysis. 
In particular they have studied blends of polymers capable of strong self associations 
(containing carboxylic groups) with polymers weakly associated (containing ether 
groups). They have observed considerable mixing at molecular level due to 
intermolecular hydrogen bond formation between carboxylic and ether groups. 
Greater difficulties are experienced in inducing H-bonding compatibility when both 
polymers are strongly self associated (Le. polyamides and polymers containing 
carboxylic acid groups)("). 
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2.4 POLYESTER-POLYOLEFIN BLENDS 
Although PET has been extensively investigated for blends, owing to its excellent 
barrier properties and high temperature performances, only few reports have been 
published specifically on polyester-polyolefm blenM46). 
These blends in their uncompatibilised state have very poor mechanical properties 
but their development is important particularly from the point of view of reprocessing 
plastic waste. 
Paul et al. (22,26) have studied the influence of ABA block tri-polymers 
(polystyrene-polyolefin-polystyrene) in enhancing the mechanical properties of the 
PET-HOPE blend. They revealed the occurrence of good adhesion between the two 
homopolymers and the compatibiliser and reported that the system is efficiently 
compatibilised. They claim to have an increase in the strain at break by more than five 
time but a reduction of more than 10% in the maximum stress for the blendPET-HDPE 
25-75 with 5% of compatibiliser. The reasons for the compatibilisation effects for these 
systems, however, remain inexplicable. 
Xanthos et al. (69) have investigated the blend PET-PP with modified PP (PP-g-AA) 
as compatibiliser and have shown that blends containing modified PP exhibit a finer 
morphology due to enhanced phase interactions highlighted by the change in Tc of the 
blends, and by the improvements in mechanical properties (13% increase in tensile 
strength). 
Ionomers based on ethylene-methacrylic acid copolymers zinc or sodium neutralized 
were utilised by SUbrarnanian(70) in a study on toughness of PET blends. He demonstrated 
the efficiency of this ionomer in improving the impact toughness of PET. Larger 
improvements were achieved when the ionomer was partially neutralized with sodium 
or zinc salts, the latter showing a finer morphology. He concluded that the sodium 
ionomers show stronger impact properties but gave lower toughness because of the 
better nucleating effect of sodium ions on PET, which becomes more crystalline and, 
therefore, more brittle, as confirmed by the morphology. 
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3 EXPERIMENTAL PROCEDURES 
3.1 MATERIALS FOR THE PRODUCTION OF AEA BLOCK 
OLIGOMERS 
i) Epoxy resins 
Different grades of epoxy resins were used in the preparation of the ABA oligomers 
(§ 3.3.1). They were supplied by Shell under the commercial name ofEpikote (Tab. 3.1). 
These resins are produced by reacting bisphenol A and epichlorohydrin and., therefore, 
have a chemical structure which is similar to that of Phenoxy (see below). 
Chemical formula Qf ~ ruin 
ii) Montanic acid 
Montanic acid is the common name for technical grades of octacosanoic acid 
(CzsH560:J. Technical grades are mainly obtained by acid oxidation of deresinified crude 
wax and are generally used., in the form of acids or esters, as internal and external lubricant 
for plastics(71). 
In this project it is used as reagent for the preparation of ABA oligomers (§ 3.3.1) in 
order to have a terminal paraffinic block of sufficient length which was assumed to 
solubilise into and co-crystallize with the polyolefin component, thereby exerting a 
compatibilising effect. 
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3.2 MATERIALS FOR THE PRODUCTION OF 
COMPATIBILlSERS FOR POLYESTER-POLYOLEFIN BLENDS 
;)Ionomer 
A polyolefm ionomer was chosen in this project as the component soluble in the 
polyolefm and because of the reactive side groups. The ionomer chosen is Surlyn 8660 
(ex DuPont), in fact, an ethylene-methacrylic acid (MA) copolymer with 5-20% by 
weight MA neutralised up to 70% with Na+ ions. It was not possible to obtain more 
precise information from the manufacturers, however from literature it can be inferred 
that the MA content is 3.5% molar, corresponding to 12-15% by weight, and the extent 
of neutralisation is about 50%(72,73). 
;i)Phenoxy 
Phenoxy is the common name for the poly(hydroxyether of bisphenol A), it has the 
same chemical structure as an epoxy resins but the terminal epoxide groups have been 
eliminated by reacting them with acetic acid. It was chosen because of its good 
compatibility with PBJ<74) and the presence ofreactive (-OH) side groups. The polymer 
used was Ucar PKHH, supplied by Union Carbide. 
iii) Polyester 
The polyester chosen as a component of the blends investigated was 
poly(butylene-terephthalate). It was chosen because of its good mechanical properties 
and fast crystallisation rate. 
The grade used was Crastin S 600, a basic grade supplied by CffiA-GEIGY. 
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iv) Polyolefin 
The polyolefm used in this project was a copolymer of ethylene and butyl-acrylate 
(19%); it was supplied by BASFunder the trade name of Lucalen A 2710 H. 
It was chosen because of its relatively low Melt Flow index (Le. 3 g/IOmin) in an 
attempt to match the viscosity of PBT at the processing temperature used. 
3.3 SAMPLE PREPARATION 
3.3.1 SYNTHESIS OF ABA BLOCK OLIGOMERS 
The ABA block oligomers were synthesized by carrying out a reaction between different 
grade of epoxy resins and montanic acid. 
The composition oftheseoligomers are listed in Tab. 3.2, while the reaction conditions 
are listed in Tab. 3.3. 
The oligomers RCf2 and RCT3 were prepared in bulk, while for the others a known 
small amount of cyclohexanone was added in order to reduce the viscosity of the mixture. 
All reactions were carried out with an excess of montanic acid to ensure the total 
conversion of the epoxy groups, with the exception ofRcr4 in which the montanic acid 
was 23% less than the stoichiometric amount. An equivalent oligomer, Rcr4b, was 
prepared with a 20% excess of montanic acid. 
The reaction were carried out in 25Occ. round bottom flasks and the heating was 
effected by means of a thermostatically controlled oil bath. A mechanical stirrer was 
used to ensure mixing in all the reactions, stirring was switched off and the temperature 
of the oil bath was reduced overnight for security reasons. The epoxy resin was added 
over a 2 hours period to the montanic acid. Halfway during the reaction 0.1% 
N,N-dymethyl-benzyl-amine (BDMA) was added as a catalyst. 
The reactions were followed by Infrared analysis and DSC scans were carried out to 
characterise the fmal product. 
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3.3.2 PREPARATION OF POLYMER BLENDS USING A 
PLASTOGRAPH 
Surlyn-Phenoxy blends (Tab. 3.4) for the preliminary studies were prepared in a 
Brabender Plastograph mixer. 
The amount of ABA oligomer used in the preparation of the Surlyn-Phenoxy 
compatibilisers was such that a constant ratio was maintained for Surlyn-Montanic acid 
in one case and Phenoxy-Epikote in another case. 
The capacity of the mixing chamber was 30 cc., while the conditions used were: 
Rotor speed 30/50 rpm. 
Mixing time 30/10 min. 
Mixing temperature 180'C 
The second condition was used only when NaOEt was added to the blend. Exceptions 
are: Mixl whose mixing time was 12 min.; Mix2, 17 min.; Mix5, 75 min.; Mix8, 130 
min .. 
A hopper was attached to the top of the mixing chamber and a ram,loaded with a 5kg. 
weight, was used to compress the polymer granules in order to assist the initial feeding. 
3.3.3 PREPARATION OF POLYMER BLENDS USING AN 
EXTRUDER 
Some of the Surlyn-Phenoxy blends, for further studies of their compatibilising effect, 
were prepared on an APV twin screw extruder, model MP 2000, using the recommended 
arrangements for the various mixing segments. 
Eight blends were prepared (Tab. 3.5). The products were dried 24 hours at 80'C 
prior to extrusion; the operating conditions were 180'C and a screw speed of 150 rpm. 
The components, premixed in a large container, were fed to the extruder from a dispenser 
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in order to maintain the right torque (>70%) and to exert sufficient shear on the mix. 
The product was cooled in water at the exit of the extruder die, pelletized and dried 
at 80·C in an oven under a continuous flow of dry air, in order to remove the moisture. 
The same procedure was adopted to prepare the polyester-polyolefm blends (Tab. 
3.6). The only difference being the temperature, which was increased to 240·C, and the 
screw speed increased to 200 rpm. The screw speed was raised in order to ensure a better 
mixing, as the Surlyn-Phenoxy blends appeared to show worse properties then these 
prepared in the Plastograph. 
Toall the polyester-polyolefm blends was added 0.5% ofIrganox 1010 as antioxidant, 
supplied by CIBA-GEIGY. 
3.3.4 PREPARATION OF TEST PLAQUES AND BARS BY 
COMPRESSION MOULDING 
Compression moulding was used to prepare plaques (l00mm x l00mm x Imm) 
suitable for tensile tests, films (10-80 ILm thickness) suitable for Infrared analysis and 
bars (6cm x lern x lcm) to be microtomed. 
The plaques were produced using a "picture frame" type mould between steel plates. 
Melinex type 0, ICI poly(ethylene-terephthalate) film, and Formula One, Ambersil 
silicone based spray, were both used as release agents to prevent the plaques from sticking 
to the plates. 
- Compression CYCle 
The press was preheated at ISO·C. The appropriate amount of material (10% excess) 
was placed in the mould, the monld loaded in the press and allowed to heat up to the 
processing temperature for 5min .. A pressure of 0.5MPa was then applied for 2 min.: 
the mould was transferred to a cold press and allowed to cool down under the same 
pressure, in order to avoid deformation of the plaques. 
The same process was used to produce thin films. No "picture frame" mould was this 
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time used. A pellet of material was directly placed between the two plates with the same 
release agents. The compression cycle was the same as before, the pressure applied was 
about 6.5MPa to produce a film thickens of 10-20J.lll1 and 2MPa to produce 80-1 OOJ.lll1 
thick fIlms. 
Some polymers and blends were also moulded as bars in a suitable mould applying 
the same compression cycle as before. The time to allow the mould to heat up was 
extended, however, to 20 min. due to its greater thermal inertia. 
3.3.5 PREPARATION OF THIN FILMS BY MEANS OF A 
MICROTOME 
A few attempts were made to prepare Infrared specimens using a Reichert-Jung 
polycut E microtome, fitted with a tungsten carbide blade. Films were produced with 
two different thickness, 80J,lm and 15J,lm. The samples however were curled and wrinkled 
due to the cutting action and the blade not being sufficient sharp. 
3.3.6 PREPARATION OF TENSILE BARS 
Tensile bars were prepared in two different ways. Surlyn-Phenoxy specimens were die 
cut from Imm compression moulded plaques (§ 3.3.4). 
Polyester-polyolefin test specimens were injection moulded on a Negri-Bossi NB 
55 injection moulder, as standard ASTM D 1987-88(75) tensile bars. The barrel 
temperature was kept at 260'Cfor all the blends, while the mould was kept at 5'C by 
means of a refrigerating system in order to have a Iow amount of crystallinity in the 
specimens. 
3,3.7 PREPARATION OF SEM SAMPLES 
Compression moulded bars of various thickness were cooled in liquid nitrogen (-196'C) 
for about 5 min. and then quickly removed and broken in order to have a brittle fracture. 
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The samples obtained were inspected visually in order to find a flat area suitable for 
SEM analysis and subsequently mounted on SEM stubs. The surface of the samples were 
coated with a gold-palladium alloy, using vacuum coating techniques, in order to give 
them a conductive surface suitable for SEM examination. 
The same preparation was also applied to rigid, annealed samples which were 
fractured atroom temperature. These failed in a brittle fashion and were, therefore, tested 
as such. 
3.3.8 ANNEALING 
Half of all the samples of polyester-polyolefm blends where PBT was the major 
component (extr9-15), were annealed before testing. The specimens were placed in an 
oven and annealed at 120'C for 2.5 hours then allowed to slowly cool down to 6O'C for 
3 hours and finally cooled down to room temperature. 
3.4 SAMPLE ANALYSIS 
3.4J INFRARED 
Infrared analysis was used to characterise both the ABA block oligomers and some 
of the Surlyn-Phenoxy compatibiliser. 
These compatibilisers were investigated mainly to elucidate their structure, in 
particular with respect to the type of reactions or physical interactions between the two 
main components. Due to the nature of the two polymers, the more likely groups to show 
a reaction or a physical interaction were the hydroxy groups in Phenoxy and the 
carboxylic groups in Surlyn. The investigation was thus restricted to the 1800-14OOcm·1 
region and focused on the acid and salt peaks of Surlyn in order to detect any shift or 
ester band formation. 
The oligomer was analysed by aPYE UNICAM SP3-200 infrared spectrophotometer. 
25 
The samples were prepared by casting a film from a cyclohexanone solution on a NaCI 
disk. 
All the other investigations were carried out on a Nicolet 20 DXC FI1R 
spectrophotometer. FI1R was used because of its increased speed, high signal to noise 
ratio and for manipulating the data by the available software like spectra subtraction, 
comparison etc. 
Both transmission and attenuated total refraction (A 1R) methods were used, the first 
using 10-20lJln films and the second using 80-1001Jln films (§ 3.2.4,3.2.5). It was soon 
apparent that the A 1R method produced spectra with low absorbance, when using films 
prepared both by compression moulding and by microtoming, hence it was abandoned. 
Transmission analysis was the method utilised finally as it gave better spectra, specially 
when compression moulded samples were used. 
3.4.2 THERMAL ANALYSIS 
Differential Scanning Calorimetry (DSC) was used to asse~ the effects produced by 
the blending process on the crystallinity of the samples and also the thermal properties 
of the components and blends. The instrument used was a Du Pont 910 apparatus. The 
experiments were carried out under a 60 cc/min nitrogen flow to avoid oxidative 
degradation of the specimens, using samples approximately lOmgin weight, which were 
enclosed in aluminium pans closed by lids but not sealed. Two different experimental 
conditions were applied, depending on the type of blends to be analysed. The scanning 
procedures used were as follows: 
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a) ABA BLOCK OLIGOMERS 
- starting temperature: -lO'C 
- heating, 1O'/min up to 130'C 
- isothennal1 min at 130' C 
- cooling, 10'/min to -1O'C 
- isothennall min at -IO'C 
- heating, IO'/min to 130'C 
b) SURL YN-PHENOXY BLENDS 
- starting temperature: O'C 
- heating, 20'/min up to 180'C 
- isothennal1 min at 180' C 
- cooling, 20'/min to O'C 
- isothennal 1 min at O' C 
- heating, 20'/min to 180' C 
c) POL YESlER-POLYOLEFIN BLENDS 
- starting temperature: 2S'C 
- heating, 20'/min up to 270'C 
- isothennal1 min at 270'C 
- cooling, 1O'/min to 4O'C 
- isothennal1 min at 4O'C 
- heating, 20'/min to 270'C 
Cooling in the first two cases was carried out by a Du Pont 990 Mechanical Cooling 
Accessory, while in the second case the cell was cooled using an air flow. This operation 
gave, however, rise to mcidative degradation of the samples thus affecting the data of 
the second cycle. 
The samples were cycled twice for a comparative assessment. From the first analysis 
it was observed in fact that factors such as ageing and drying were having considerable 
effects on the thennocharacteristics of the samples, particularly for samples containing 
Surlyn. This is due to the ionomeric nature of Surlyn which makes it susceptible to 
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varying degrees of nucleation, giving rise to a submicroscopic process similar to 
crystallisation(72). 
The DSC instrument was connected to a computer and the analysis data elaborated 
by the software installed (Thermal Analyst 2000, 7.0D by Du Pont) which gave directly 
all the required parameters (temperature and peak areas). Example of how the baseline 
were drawn are given in Fig. 3.1. 
The values of respective heat of fusion and heat of crystallisation were all referred 
to 100% of the component considered, for comparison purposes, by applying the equation 
below: 
where Mlf"", is the value recorded from the DSC analysis and X%b is the percentage of 
the component in the blend. 
3.4.3 SCANNING ELECTRON MICROSCOPY 
Owing to the great depth of focus, the relatively simple image interpretation and the 
ease of sample preparation, SEM is one of the most widely used technique for 
characterising the morphology of the blends and for collecting information about the 
extent of adhesion between the phases. SEM only reveals the surface of the samples, 
hence in order to investigate the internal structure, samples must be fractured, either at 
room temperature or at cryogenic temperature, the latter being preferred as it prevents 
yielding in the samples, which would mask the true morphology(3). 
SEM operates by an electron beam impinging on the sample, creating different 
mechanisms of contrast on the surface of the sample, which gives the final image. There 
are four main contrast mechanisms: 
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i) contrast due to the angle between the incident beam direction and the specimen 
surface (surface tilt contrast) 
ii) edge effect; protuberance on the specimen surface show bright contrast (diffusion 
contrast) 
ill) secondary emission rate; the image contrast depends on the amount of secondary 
electrons, namely, the difference of constituent atoms in the specimen (material 
contrast) 
iv) effect of metal coating; to suppress the charging of insulating specimens andlor 
to increase the secondary emission rate heavy metals like Au are used to coat the 
specimens surface(16}. 
In order to form an image the signal emanating from the position of the electron probe 
is detected, amplified and used to modulate the intensity of a second electron beam, and 
hence the screen intensity, in a cathode ray tube (CRT). This ensures synchronisation 
and preserves spatial correspondence between the object and the image. The picture are 
taken by a camera focused on a second CRrm. 
The instrument used in this research was a Cambridge Stereoscan 360 SEM. 
Problems were met analysing some of Surlyn-Phenoxy blends due to a limitation of 
this technique. When interfacial adhesion is high, in fact, the dispersed phase is not 
always clearly revealed on ihe-ffactured surface, rendering it difficult to make judgments 
on microstructure. 
3.4.4 MEASUREMENT OF TENSILE STRESS-STRAIN 
PROPERTIES 
The tensile test specimens prepared both by injection and compression moulding (§ 
3.2.6) were tested to measure tensile strength and elongation at both yield and break, 
according to the ASTM D 638-90 standard test'S}; a tensile bar and the dimension of the 
two specimens used (type A and B) are represented in Fig. 3.2 
All samples were tested on a Lloyd 10000 Testing Machine fitted with a load cell 
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LloydNLC. 
For type A specimens, Surlyn-Phenoxy compatibilisers, the operating conditions 
were: 
Test speed 
Initial jaw separation 
Load cell 
5mm/min 
30 mm 
500N 
For type B specimens, all polyester-polyolefm blends, the operating conditions were: 
Test speed 
Initial jaw separation 
Load cell 
50mm/min 
100 mm 
5k:N 
All the tests were carried out at room temperature (23·C). The thickness of each 
sample was measured to O.OOlmm with a micrometer in three positions and then 
averaged. The specimens were then placed in the jaws of the tensometer, making sure 
to avoid slip of the jaw and misalignment of the specimens. 
The elongation was recorded directly and expressed as percent elongation (strain). 
Tensile strength was calculated by dividing the appropriate load value, directly measured 
by the instrument, by the cross-section area of the specimens. Examples of the 
stress-strain curves and the position in which measurements were made are given in Fig. 
3.3. 
LU. = measured elongation 
P = measured load 
Strain = ~ x lOO 
p 
Stress =-A 
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L = length of samples 
A ,. cross-section area 
Five test specimens were measured for each sample and any unreliable data, resulting 
from faults like flaws in the specimens, were discarded before averaging the value. 
3.4.5 SOLUBIUTY TESTS 
Only Surlyn-Phenoxy samples were tested for solubility. Tests were carried out by 
placing a sample of known weight (about 300 mg) in a 300 mesh metal gauze in a round 
bottom flask and refluxing it in a mixture of solvents (lOO cc). 
Being the blends composed of different materials, a mixture of solvents was needed 
in order to dissolve both the components. DMF and cyc1ohexanone were used as solvents 
for Phenoxy and xylene for Surlyn. Two different mixture were used to test the solubility 
of the blends, one DMF/xylene and another cyc1ohexanone/xylene, both in equal volume 
of the two solvents. 
The samples were left refluxing in both solvent mixtures for two hours, dried and 
weighted to measure the amount of residue left. Some samples were then allowed to boil 
for two additional hours, both with and without the addition of 2% formic acid. and then 
weighted again. The results were expressed as percent of residue left. 
The formic acid was added in order to increase the ionic strength of the solvent mixture 
and to provide a strong polar molecule efficient in disrupting the ionic clusters formed. 
but at a concentration and acid strength sufficiently low to avoid the hydrolysis of any 
ester bonds formed in the preparation of the compatibilisers. 
3.4.6 WATER ABSORPTION 
In order to asses further the chemical nature of the compatibilisers water absorption 
tests were carried out on both pure Surlyn, Phenoxy and compatibiIisers containing 2 
and 4% NaOEt (but in the absence of any ABA oligomers). 
These tests were carried out by refluxing square samples (2Ornm x 20rnm x lmm) in 
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around bottom flask in distiled water for two hours, according to the ASTM D 570-81 (79). 
They were then carefully dried to remove the surface water and weighted. The results 
were expressed as percent weight change. 
3.4.7 MEASUREMENT OF ACID VALUES 
Acid number measurements were made on the ABA oIigomers to calculate the free 
montanic acid in the products at the end of the reaction and, therefore, to estimate the 
yield of the synthesis. 
The determinations were made according to the ASTM D 2849-69(80) standard 
method. The titration solvent used was an equal volume mixture of xylene and DMF. 
Two measurements were made for each sample and the results averaged. These 
measurements were made by heating the solution at 6Q'C in order to prevent precipitation 
during titration. 
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4 RESULTS 
4.1 ABA OLIGOMER 
4.1.1 DIFFERENTIAL SCANNING CAWRIMETRY (DSC) 
The DSC traces of the oJigomers rich in montanic acid (i.e. these based on low MW 
epoxy resins, respectively: RCf2, 3, 5) (Fig. 4.1) show the presence of three melting 
peaks. 
The highest peak is centred at about 80'C and it is associated with the presence of 
both unreacted montanic acid and impurities like low molecular esters contained in the 
montanic acid. These are, in fact, evident in all the oJigomers produced. 
The peak at 65-70'C is the largest and is, probably, connected with the bi-ester 
produced in the reaction. The small peak at 43-47'C, or the plateau in RCfS, on the 
other hand, is assOciated with the formation of the mono-ester. This may also be due to 
the epoxy resin containing small quantities of monofunctional species or to the reaction 
of some epoxy groups with reactive groups other than montanic acid, such as H20. 
In the case of the oligomers containing less than 20% montanic acid by weight there 
are only two peaks (Fig. 4.2). The fIrst (i.e. Tm = 47-50'C), which is associated with the 
main product of the reaction, is lower than the equivalent product in the other oligomers. 
This is due to the presence of a much longer epoxy chain which tend not to crystallise 
by steric hindrance effects and, therefore, reduce the Tm and the t.Hr of the product. The 
other peak, at 82'C, is still due to the presence of unreacted low molecular weight esters 
present as impurity in montanic acid crystals. 
4.1.2 INFRARED 
The infrared spectra of the ABA oligomers (Fig. 4.3) show the typical pattern of 
epoxy resins with additional absorption peaks due to acid and ester groups. The flTSt 
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peak, at 1700cm't, is due to the unreacted montanic acid while the peak at 172Ocm't, is 
due to the fonnation of the ester. 
The other major bands arise from hydroxyl groups (3500cm'I), aromatic ether 
(125Ocm,I), aliphatic ether (105Ocm'I) and the p-benzene ring (835cm'I). 
The most obvious band of the tenninal epoxy group appears at 92Ocm,I with less 
obvious bands at 850 and 76Ocm'l. These bands are reduced in intensity with increasing 
molecular weight. The disappearance of epoxy groups can be conveniently followed by 
measurements of the intensity of the 92Ocm'I band(81). 
The spectrum of RCf4 shows an increase of the size of the -OH band due to the 
higher length of the chains and, therefore, of the number of -OH groups per molecule, 
The RCf4b spectrum is not shown because of its similarity to RCf4, the only 
difference being a larger acid band, due to the excess of montanic acid. 
4.1.3 ACID NUMBER 
The acid number values for the ABA oligomer (Tab, 4,1) are in general accordance 
with the DSC and infrared data, both revealing the presence of unreacted montanic acid. 
They show an amountofunreacted montanic acid greater than expected for a complete 
conversion of the reagent, i.e. the stoichiometric reaction between the acid and epoxy 
groups. 
4.2 SURLYN-PHENOXY BLENDS 
The Surlyn-Phenoxy blends, prepared both in the Plastograph and in the extruder, 
were subjected to a variety of tests to evaluate their properties and the level of miscibility 
reached. Mainly DSC, SEM and tensile tests were used while m, solubility and water 
absorption tests were also carried out on some of the blends, 
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4.2.1 DIFFERENTIAL SCANNING CAWRIMETRY (DSC) 
i) Sample prepared on the Brabander Plilstograph (Tab. 3.4) 
All the DSC traces of the compatibilisers are dominated by the presence of a broad, 
endothermic peak associated with the melting of the Surlyn component occurring at 
l00±I·C. Even when a large amount of ABA block oligomer is used this peak remains 
unchanged. The only parameter that is affected is the area comprised by the peak, 
representing the heat offusion which is proportional to the degree of crystallinity of the 
compatibilisers (Tab. 4.2, Fig.4.4). 
Although the breadth of the Surlyn melting peak creates some difficulties in drawing 
a baseline, a general trend can be observed in the values of Mlr and Mf., as shown in 
Fig. 4.5 indicating an increase in the values of Mlr and Mf. with the addition of the ABA 
oligomer. This is more evident when the ABA oligomer contains a large amount of either 
acid or even its esters (RCf2 and RCf5) (Fig. 4.5a,d), thus highlighting the strong 
nucleating effect of the montanate chains, which is confirmed also by an increase in the 
peak crystallisation temperature, Tc' of up to 7"C (Tab. 4.2). 
The compatibilisers prepared with the oligomer RCf4 (Fig. 4.5b) present a rather 
untypical behaviour, most likely connected with the composition of the oligomer (§ 
3.3.1), being prepared with less than the stoichiometric amount of montanic acid. 
A small decrease is seen in Mlr and AB. (Fig. 4.5c) when the oligomer used in the 
blend is RCf4b. This is partially due to the lower level ofmontanic acid (less then 20% 
with respect to the epoxy resin) and partially to a~beuetdispersiQl! of the phases which 
. ----
seems to give a lower nuc1eatin~ effect,(§ 4.2.2). 
The same observations can be made regarding the Mlr and Mf. values of the binary 
mixtures of Surlyn and the ABA oligomer (Fig. 4.6). 
Nothing can be said about the T, of Phenoxy because its value coincide with the Tm 
of Surlyn, resulting in an overlap of the two transitions. Only the effect of the ABA 
oligomers on pure Phenoxy can be analysed (Fig. 4.7), showing a slight increase in Tg, 
i.e. up to 6"C. 
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This is unexpected as it was anticipated the occurrence of a plasticisation effect. 
However it may have resulted from the reaction of residual epoxy groups with the 
hydroxyl groups in the phenoxy polymer. 
The changes in both the position and the area of the melting and crystallisation peaks 
are much more pronounced when NaOEt is present in the oligomer. The Tm values 
recorded are up to 7"C lower, while the T. values, in some cases, up to 20"C lower (Tab. 
4.2). Mlr and MI. are also affected and, for same samples (Mix38 and Mix43), the results 
suggest that these are nearly amorphous materials. This behaviour is primarily due to 
the presence of NaOEt which reduces the crystallinity ofSurlyn(72,73) (Fig. 4.8) but it also 
exhibits strong interactions with the Phenoxy component, producing a large increase in 
its TB (Fig. 4.9). This phenomenon is probably due to the formation of strong ionic clusters 
acting as physical crosslinks in the compatibilisers, the Na+ ions being shared between 
the two constituent polymers. To elucidate further this behaviour, additional studies were 
carried with respect to solubility and water absorption behaviour (§ 4.2.5, § 4.2.6). 
ii) Samples prepared on the twin screw extruder (Tab. 3.5) 
The results available for the extruded compatibilisers (Tab. 4.3) show Mlr and MI. 
values to be much higher than the corresponding values of the samples prepared in the 
Plastograph, while the values of Tm and T. are virtually unchanged. 
These data seem to point a worst mixing for the samples prepared in the extruder, 
revealing a stronger nucleating effect of the ABA oligomer as already pointed out earlier. 
This observation of poor dispersion has been confIrmed by the SEM and also by the 
inferior mechanical properties arising from the tensile test results (§ 4.2.2, § 4.2.3). 
4.2.2 SCANNING ELECTRONIC MICROSCOPY (SEM) 
i) Sample prepared on a Brabander Plastograph (Tab. 3.4) 
The morphology of Surlyn-Phenoxy blends revealed by the SEM examination 
consists of spherical particles of Surlyn with an average diameter of 2-51UI1 within an 
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amorphous matrix of Phenoxy (Fig. 4.10). 
Results from measurements carried out by P. Caisse (MSc thesis, Loughborough 
University-I991) show that the viscosity of Surlyn is considerably lower than that of 
Phenoxy thus tending to be the matrix rather than the dispersed phase. 
The addition of an ABA oligomer to the Surlyn-Phenoxy blend result in a more 
complex morphology (Fig. 4.11 to Fig. 4.14). As shown by the SEM micrograph of the 
compatibiliser containing the oligomer RCf2 (Fig. 4.11), the small particles of Surlyn 
tend to disappear and are replaced by much larger particles (20-50~m) of irregularly 
shaped agglomerates comprising smaller primary particles (average <1~) probably 
due to phase separation of the oligomer within the Surlyn phase. The larger particles are 
probably due to an increase propensivity of the Surlyn particles to coalesce during mixing. 
If either of the oligomers Rcr4 or Rcr4b is added, in fact, to the compatibiliser 
(Figs. 4.12, 4.13) the trend is to generate long shaped particles with a diameter of about 
1O~m but with a length of up to 200~m or more, but they all display the same type of 
substructure consisting of small particles. 
When the oligomer Rcr5 is added, an intermediate behaviour can be observed. There 
are still large particles present but they tend to stretch out to even more elongated shapes 
but still mantaining the smaller primary particles substructure (Fig. 4.14). 
The addition of NaOEt causes a further evolution of the morphology of the 
compatibilisers, the more interesting being the one containing the oligomer Rcr4b (Le. 
containing an excess of montanic acid; Fig. 4.15). From the micrographs it is evident 
the formation of an IPN morphology with lamellar thickness of about O.5~. All the 
other compatibilisers (Fig. 4.16) produce a finer morphology in the blend, in accordance 
with the deduction from DSC and tensile test results (§ 4.2.1, § 4.2.3), suggesting an 
increase in interfacial adhesion. This is also evidenced in the reduced resolution of the 
surface of the dispersed particles. 
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ii) Samples prepared on the twin screw extruder (Tab. 3.5) 
The SEM micrographs in Fig. 4.17 of these compatibilisers, showing larger particles 
and a less good adhesion between the phases than in the compatibilisers produced in the 
plasticoder, essentially confIrm the conclusion of the DSC analysis (higher values of 
Mlr and AB. due to a better nucleating effect of the poor dispersed phase) that the mixing 
in the extruder was not so effective. 
4.2.3 TENSILE TESTS 
i) Sample prepared on a Brabander Plastograph (Tab. 3.4) 
Tensile tests were carried out only on some of the compatibilisers (Tab. 4.4). The 
results show that the effect of N aOEt on the binary mixes Surlyn-Phenoxy increases 
both the values of the stress and strain at break. The fIrst being increased by 40%, while 
the latter increases by up to 300% (Fig. 4.18). The effect of adding the same amount of 
N aOEttopure Surlyn on mechanical properties, on the other hand, is negligible. Tensile 
tests on Phenoxy could not be carried out as the material was to brittle and specimens 
could not be punched out. 
The addition of ABA oligomers containing an excess of montanic acid (RCI'2, RCT5) 
causes a drop in both tensile strength and strain of the Phenoxy-Surlyn compatibiliser" 
irrespective of wherever NaOEt was added or not (Figs. 4.19, 4.20) 
On the other hand, the oligomers RCT4 and RCT4b tend to show an increase in the 
stress at break, up to 20%, but a decrease of the strain, up to 60% (Figs. 4.19, 4.20). 
ii) Samples prepared on the twin screw extruder (Tab. 3.5) 
The values of the mechanical properties (Tab. 4.5) are in accordance with the data 
and the observation made previously, these values are lower for the extruded 
compatibilisers, confmning once more the conclusion in previous paragraphs on the 
mixing efficiency of this method of preparation (§ 4.2.1, § 4.2.2) 
38 
4.2.4 SOLUBILITY TESTS 
i) Sample prepared on a Brabander Plastograph (Tab. 3.4) 
The solubility tests carried out on the compatibilisers (Tab. 4.6) show that the residue 
in DMF/xylene is generally greater than that obtained with cyclohexanone/xylene. 
All the solution of extracted polymer are transparent at high temperature, only some 
of the DMF/xylene solutions showing the presence of precipitated particles of polymer. 
At room temperature, all solutions show a precipitation of the solute, becoming yellow 
due to the solubilisation of the oligomer. 
In the attempt to dissolve all of the residue 2% formic acid was added to the 
cyclohexanone/xylene mixture. A total dissolution was observed with the addition of 
formic acid, while an additional two hours refiuxing, without the acid, did not change 
appreciably the amount of residue. 
The results show an increase in the amount of the residue directly proportional to the 
increase in the percentage of ABA oligomer present in the compatibiliser. This trend is 
even more pronounced when NaOEt is simultaneously present, raising the amount of 
the residue by up to 67% absolute. 
Some solubility tests were carried out on pure Phenoxy and Phenoxy-ABA oligomer 
mixtures (Tab. 4.7), in order to elucidate further the increase in Tg shown in the DSC 
results. All the samples dissolved in less than 30 min., showing that the increase in 
brittleness has to be related to the formation ofionic clusters acting as physical crosslinks. 
ii) Samples prepared on the twin screw extruder (Tab. 3.5) 
The values for the extruded compatibilisers (Tab. 4.8) are lower but in line with the 
trend outlined in the previous paragraph. 
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4.2.5 INFRARED 
The IR spectrum for Surlyn in the region investigated (1800-14OOcm'!) (Fig. 4.21a) 
shows five typical peaks at the following wavenumbers: 
i) 1700cm'!: identifiable with the C=O stretching vibrations of the acid group. Typical 
saturated branched monobasic aliphatic acids, which do not carry electron attracting 
groups, absorb at 1712±6cm'! in the liquid phase and at a few cm'! lower in the solid 
state(82,83.84). Information in the branching position of this kind of acids can be obtained 
by looking at the 1280 and 123Scm'! peaks, which should be shifted by about 
2Ocm,!(85). 
ii) lS4Scm'!: a broad peak typical of carbonate groups. They usually show two bands, 
one in the range 1610-1SSOcm,J and one in the range 1400-1300cm'" identifiable 
with antisymmetrical and symmetrical stretch of -COO' ions(86). 
ill) 147Ocm'\: typical of >CHz deformation (146S±lOcm'\) of the polyethylene 
backbone(83). 
iv) 144Scm,J: shoulder of the 147Ocm,J peak, identifiable with asymmetric stretching 
of -OH groUpS(83). 
v) 1404cm'\:identifiable with C-O vibrations coupled with O-H in plane deformation, 
typical offatty saturated acids and esters with >CH- adjacentto the acid group, which 
is not present in acids with unsaturation in position (1. This peak is larger than that 
at 147Ocm'\ in acids linked to chains shorter than 14 carbon atoms, unless branching 
in position a is present<83). 
The Phenoxy spectrum (Fig, 4,21b) shows peaks referable to the skeletal stretching 
modes of the semi-unsaturated C-C bonds of the aromatic rings at the following wave 
bands: 
i) l606cm'\: typically at 1625-1575cm'" is shifted to higher frequencies in the 
presence of para substituents(83). 
ii) 1581cm'\:normal aromatic vibration (1660-156Ocm'\) made stronger by external 
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conjugation(83). 
ill) 1506cm-1; typically in the range 1525-1475cm-t, with a peak very near to 1500cm-l , 
which shows a small shift to higher frequencies in presence of para substituens(83). 
iv) 145Ocm·I ; usually of moderate intensity and frequently overlaid by a strong >CH2 
deformation(83). 
The spectra of the compatibiliser (Fig. 4.22a) resembles an overlay of the two simple 
spectra. An analysis is still possible because the peaks of the two components do not 
overlap. Its analysis, however, does not reveal any shift of the acid peak or the peak 
corresponding to the formation of esters. 
The addition of NaOEt causes only the broadening of the salt peak at 155Ocm-1 (Figs. 
4.22, 4.23). 
The addition of the oligomer, on the other hand, produces an ester peak at about 
172Ocm-1 (Fig. 4.24). This peak overlaps any band likely to arise from the reaction 
between Surlyn and Phenoxy, making impossible to verify the occurrence of such 
reaction. 
An additional study was carried out on pure Phenoxy and Phenoxy to which was 
added 2 and 4% NaOEt respectively, to identify possible interactions that could be 
connected with the raise in the Tg of Phenoxy. No appreciable differences were detected 
in the spectra of these samples (Fig. 4.25), neither with the respect to the possible 
appearance or disappearance of relevant peaks, nor in the shifting of such peaks. 
4.2.6 WATER ABSORPTION 
Water absorption tests were carried out on same samples in order to furtherinvestigate 
the effect of N aOEt on the properties of the materials used in the preparation of the 
compatibiliser. 
The results (Tab. 4.9) show a dramatic increase in the amount of water absorbed by 
Phenoxy with the addition of N aOEt, i.e. up to 8 times. 
The effect on Surlyn is much lower because is a semicrystalline olefinic polymer 
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which reduces the water diffusion rate to the ionic clusters. Phenoxy, being an amorphous 
polyether with -OH and ether groups periodically distributed on the length of the chain, 
not only increases the rate of water diffusion but also the equilibrium level of water 
absorbed. 
4.3 POLYESTER-POLYOLEFIN BLENDS 
The PBT-Lucalen blends described in § 3.3.3 were subjected to different types of 
analysis; i.e.: DSC, SEM and mechanical tests in order to asses their properties and the 
extent of miscibility in the various formulations. 
4.3.1 DIFFERENTIAL SCANNING CALORIMETRY (DSC) 
The DSC traces of these blends are characterised by the presence of two distinct 
melting points (Fig. 4.26). One is due to the polyolefin and the other to the polyester 
component, thus this paragraph has been divided in two parts, each concerning the 
individual components. As the two melting and crystallisation points are separated by 
more than loo'C, it was considered improbable that they would cause any interaCtion 
on their crystallisation behaviour. 
i) Polyester component 
From the data shown in Tab. 4.10 it is noted that the Tm recorded for pure PBT 
(230.0±0.5·C) is higher than the values, quoted in the literature, of about 225·C87.88). 
This is probably due to the heating ramp (20"C/min), as it is well known that a fast 
heating rate increases the value ofTm of a sample(89). 
Adding a compatibiliser did not affect appreciably the Tm value ofPBT (229.5±O.6·C) 
in the polyester-rich blends, while the correspondent value for the polyester phase in the 
polyolefin-rich blends is 3'C lower (226.0±1·C). This behaviour cannot be explained 
simply on the basis of the difference in the PBT content or to the different structure of 
the two blend; i.e., in the first case the polyester is the matrix and in the second the 
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dispersed phase. 
Similarly, the values of MIf and Mic (Tab. 4.11) are subject to some difficulty in 
their interpretation. This is especially true for the blends in which PBT is the dispersed 
phase owing to the difficulty in drawing a baseline (Fig. 3.1). 
A general trend can, however, be noted; the normalised value of MIf for PBT in the 
non compatibilised blend is slightly lower (10%) compared to that of pure PBT. More 
interesting is the trend shown by the compatibilised blends; Fig. 4.27 shows that lower 
values of MIf are observed (6-13%) when the compatibiliser containing NaOEt is used. 
This implies a lower level of crystallinity, which can be explained with an enhancement 
of the compatibility of the components. The greater homogeneity of the compatibiliser 
containing NaOEtcould allow some polyolefin to be solubilised in the PBT phase, thus 
reducing the rate of crystallisation in the PBT phase and reducing, accordingly, the 
crystallinity of the fmal product. 
Another interesting feature of the effects of the compatibilisers is the change in T. of 
the blends (Tab. 4.10). Its addition to the PBT-Lucalen mix, in fact, increases the To 
valuefrom 192"C to 200.2±O.4"C, showing a strong nucleating effect. Hence confl1llling 
that the lower ~ values arise entirely from crystallisation rate, inhibited by the lower 
rate of diffusion by the solubilised olefinic polymer chains. 
The effect of annealing, on the other hand, is to increase slightly the crystallinity (Fig. 
4.27) of the PBT phase in the blends, while pure PBT seems to be unaffected by this 
treatment. This is in accordance with the fact that PBT is known to be one of the fastest 
crystallising polymerC90), thereby confirming the reduced rate of crystallisation as a result 
of the enhanced miscibility of the two phases by the compatibilisers. The increase in 
crystallinity occurring in the blends after annealing, in fact, can be explained by 
considering that the increase in ~ is due to the crystallisation of the regions where the 
concentration of the polyolefin phase is higher, requiring more time for PBT to reach 
its ultimate level of crystallinity. 
All the trends outlined previously with respect to the effects of the compatibiliser are 
followed also by the annealed samples. The only major difference is with respect to the 
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To values. The To values should, theoretically, be similar to the non annealed samples 
since the annealing effect is cancelled by the melting process. It was found, however, 
that the To values are lower by 15-16·C than for the non annealed. 
On the second heating cycle in the DSC, the polyester peak shows a shoulder (Fig. 
4.28) for the cause of pure PBT and for some annealed blends; i.e., in the case where 
the level of crystallinity in the original sample is highest. Since the presence of the 
shoulder the DSC scanning(91) indicates a reorganisation of the crystals it is likely that 
in PBT and annealed blends an additional crystal fonn is obtained. 
ii) Polyo1efin component 
Because of its broadness (Fig. 4.26), the peak corresponding to the polyolefm gives 
more problems in their interpretation than the polyester. 
When the polyolefm is the dispersed phase (Extr 9-15, Tab. 4.12) one can see that 
the heat of fusion values are considerably lower (in some case Mic is 1/4 the calculated 
value, Fig. 4.29), compared to the pure polyolefin. This is due to the fact that the ratio 
polyolefm-compatibiliser is much higher than when the polyolefin is the matrix which 
is reflected in the large drop in the values of MIc i.e. the compatibiliser dissolved in the 
polyolefm phase reduces its rate of crystallisation. 
4.3.2 SCANNING ELECTRON MICROSCOPY (SEM) 
SEM analysis of the blends in question reveals that the type of morphology is similar 
in all cases. All the photomicrographs show spherical particles of the minor component 
dispersed within a matrix of the major component. The changes being observed are 
respectively the dimensions of the particles, their dispersion and the adhesion between 
the phases. 
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i) Blends where Polyester is the major component 
The non compatibilised blends of these systems exhibit the largest particles (average 
5lJ.11l,Fig. 4.30) with a very low adhesion between the phases. The interface gaps (0.51J.11l) 
can be explained by the difference in volume contraction resulting from the difference 
in coefficient of expansion of the two components (Tab 4.13). 
Iah. ~ Linear thennal eJ\llansion(92) 
Material L.T.E. 
(l0·6m/moK) 
PBT 77 
Polyethylene 120-200 
Due to the fast cooling of the melt in the mould (§ 3.3.6) the segregated polyolefinic 
particles find themselves inside a crystalline rigid matrix, so that the crystallisation of a 
polyolefm particle causes a decrease in volume higher than the volume of the void formed 
by the crystallisation of the polyester matrix, thus creating an interface gap(93). 
When a compatibiliseris added (Fig. 4.31) to such a blend one can observe a reduction 
in the average size of the particles (31J.11l) and the decrease in the dimension of the gap 
at the interface. This behaviour is explained by the presence of the compatibiliser acting 
as a surfactant solvent for the two component thus enhancing their miscibility at the 
interface and appreciably increasing the interfacial adhesion. This is even more evident 
when NaOEt is added to the compatibilisers (Fig. 4.32). In this case one can infer an 
even more favourable condition for droplet breakup(94) and, possibly, a closer match in 
viscosity between the two phases, leading to a better dispersion of smaller particles. This 
in turn explains also the improvements in mechanical properties (§ 4.3.3). 
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ii) Blends where the Polyolefin is the major component 
The type of morphology of these blends is similar to the one outlined previously, but 
the polyester particles are smaller than the polyolefin particles in the corresponding 
phase-inverted blends. In the micrographs is still revealed clearly the presence of 
dispersed PBT particles within the polyolefin matrix. For the case of non compatibilised 
blend there is an interfacial gap of about 0.111 due to the lack of interfacial adhesion. 
This is less than the gap for the PBT rich-blends (0.511) since the PBT crystallises flfSt 
(Fig 4.33) and can drag inwards the surrounding polyolefm matrix. The small gaps will 
subsequently form when the polyolefin crystallises and shrinks away from the dispersed 
particles. 
All the compatibilised blends (Figs. 4.34, 4.35) show a behaviour similar to the one 
outlined for the case of PBT rich blends. They tend to have smaller particle dimensions 
and more uniform dispersion when a compatibiliser is added (even more pronounced 
when NaOEt is present in the compatibiliser) and a reduction in the interfacial gap. 
4.3.3 TENSILE TESTS 
i) Polyester rich blends 
The values for yield stress and yield strain, 55MPa and 5% respectively for PBT are 
the same as those quoted in the literature(SlI,92). 
In blending PBT with Lucalen one can see (Tab. 4.14) a reduction of the yield stress, 
by 40%, while the increase in the yield strain is less than 5% (Fig. 4.36). This reduction 
in yield strength is to be espected (§ 4.3.2) but is accentuated by the lack of adhesion 
between the two phases. Adding a compatibiliser produces no appreciable effect on the 
yield strain while the yield stress increases by 10%, compared to the non compatibilised 
blends. A further improvement in the mechanical properties, reflecting the better 
morphology of the blends, is obtained when 2% ofNaOEt is added to the compatibiliser. 
The increase on the yield stress becomes 13% while the yield strain is virtually 
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unchanged. 
As predictable from the increase in the level of crystallinity (§ 4.3.1) annealing has 
an appreciable effect (Tab. 4.14) on the samples, accounting for an increase in the yield 
stress of 12% (Fig. 4.36). Annealing, however, causes all the specimens to fail by brittle 
fracture, while for the unannealed specimens failure is always ductile showing a 
characteristic onion skin effect on the outer layers due to phase separation during injection 
moulding. 
ii) polyolefin rich blends 
In these blends no failure was detected on the specimens at 200% elongation. Some 
samples, including the pure polyolefin, could be elongated to more than 500% without 
failure. 
The stress-strain curve for pure Lucalen is typical of a rubbery material (Fig. 3.3c). 
The presence of a PBT dispersed phase in the blends changes the curve (Fig. 3.3b) to 
resemble that of a low density polyethylene, i.e. exhibiting a yield point. 
The non compatibilised blend exhibit a stress at 200% elongation (Tab. 4.14) which 
is increased by 30% (Fig. 4.37) from that of the pure polyolefm. The addition of a 
compatibiliser causes a further loss of rubber like behaviour. For the compatibilisers 
prepared without NaOEt one can observe a further 20% increase in the yield stress and 
a 10% increase in the stress at 200% elongation over the non compatibilised blends. 
On the other hand, when 2% of NaOEt is used in the compatibiliser one can see no 
change in both the stress at yield and at 200% elongation (Fig. 4.38). 
As outlined before the pure Lucalen exhibits a typical rubbery stress-strain curve and 
the room temperature recovery from a 200% extension (Tab. 4.15, Fig. 4.39) is 40%. 
This value is 2.5 times higher than the value for the non compatibilised blend but only· 
about 1.5 times for the compatibilised blends, i.e. reflecting the lower plasticity of the 
compatibilised blends. 
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All these results are in accordance with those outlined earlier in inferring the action 
of the compatibilisers as a reducer of the interfacial tension between the two phases 
enhancing. the miscibility of the components and increasing the interfacial adhesion. 
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5 DISCUSSION 
5.1 ABA BLOCK OLIGOMERS 
For all ABA block oligomers the DSC traces show a small peak at about 80·C (Figs. 
4.1,4.2) associated with unreactedmontanic acid and other impurities (Le. low molecular 
weight esters) present in its crystals. The results of the acid number titration (Tab. 4.1) 
indicate that the amount of epoxy groups reacted with montanic acid is not stoichiometric, 
giving a yield for the reaction between the epoxy groups and montanic acid in the range 
56 to 92%, depending on the type of oligomer. 
Furthermore, the IR spectra of the oligomers also show both an acid and an ester 
peak, providing additional confIrmation of the presence of unreacted montanic acid. 
However, no evidence of the typical epoxy group band at 92Ocm·1 could be found. 
No action to remove the excess of montanic acid was taken because of the difficulties 
to fmd a selective solvent and because the amount of montanic acid present in the 
compatibiliser was considered to be innocuous or at the best it could act as a nucleating 
agent for the ionomer. 
5.2 COMPATIBILlSER 
The results of the DSC analysis (Fig. 4.5) show an increase in the Mlr (latent heat of 
fusion) and MI. (latent heat of crystallisation on cooling) values for the compatibilisers 
containing oligomer RCI'2or RCI'5 and a slight decrease for oligomer RCI'4and RCI'4b. 
This increase is connected with the presence of free montanic acid and montanate ester, 
both acting as nucleating agents. as shown in Fig. 5.1 where the values of Mlr and MI. 
are plotted against the total percent montanic acid present in the mixes considered as 
combined free montanic acid and oligomeric diester. These plots show a linear increase 
in the values of Mlr and MI. with increasing in the content of montanic acid and its 
oligomeric diester. resulting from the reaction with the epoxy resins. 
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In mixing two polymers(S), one of which at least being crystalline, a reduction in the 
crystallinity or in the value of T .. implies compatibility, while an antithetical nucleative 
behaviour implies incompatibility or only partial compatibility. The results outlined 
earlier, therefore, suggest that a nucleation effect is obtained when RCT2 or RcrS are 
---._.,.-- -.-~ 
added to the compatibiliser, as indicated by the increased crystallisation rate of the 
-------~--,--.. -----,-.,--
ionomer component, which may assists 'phase separation and reduce the level of 
compatibility. 
This is conf"mned by the results of the tensile tests (Figs. 4.19,4.20) which show a 
~--~ .. -"- .-~'--------
decrease of the maximum stress and strain at break for all the compatibilisers that were 
~- ._ .. _--_ .. _-----' "-.
found to exhibit an;increase iri~~!iii([L\1l.,~ On the other hand, the compatibilisers made I .. , 
with Rcr4 and RCf4b, that were not showing an increase in their Mlr andAH., produced 
a small increase in the maximum stress. 
All these findings are also supported by the SEM micrographs. For the compatibilisers 
--_.:...-.... ----- ._ .. "---_ .. ---,-,--'---- ., ", 
which do not contain any ABA oligomer (Fig. 4.10), the ionomer domains have a well 
defmed spherical shape with an average diameter of 2-SIUD. The surface of the ionomer 
particles appears to be very smooth while the matrix surface appears rather rough. As a 
(6~ge number of particles were pulled out of the matrix a low level of adhesion between 
the phases can be inferred) 
The addition of an ABA oligomer to the compatibiliser causes a visible change in 
the overall morphology causing the formation of irregular coarse particles when the level 
of montanic acid is high (Fig. 4.11). On the contrary, if the level of montanic acid in the 
oligomer is lower than IS% there is a tendency to fonn elongated particles reminiscent 
of co-continous phases (Fig. 4.13). 
This is in agreement with the other results in indicating a worsening effect on the 
solubilisation of the components of compatibiliser when the ABA oligomer richer in 
montanic acid are used and a greater miscibility when high molar masses epoxides, i.e. 
Rcr4 and RCf4b, are used. 
This phenomenon may be interpreted in terms of the relative length of the central 
epoxy block in the oligomer chain (Tab. 3.1). Oligomers Rcr4 and Rcr4b have a central 
so 
, - - --------------------------------------------
epoxy block that is four time longer than for RCI'5 and twenty times for RCT2, making 
it more favourable to dissolve in the Phenoxy matrix in preference to the Surlyn phase. 
The addition of sodium etoxide to the Surlyn-Phenoxy compatibiliser causes further 
changes to the thermal and mechanical properties as a consequence of the evolution of 
the morphology of the component phase. 
Because ofits ionomernature Surlyn is greatly affected by the amounts ofions present, 
i.e. by its level of neutralisation(72.73). A phenomenon which is evident by the changes in 
both Mlr and MI. values (Fig. 4.8) and in the mechanical properties. 
Phenoxy, by itself, is not an ionomer but has many polar groups (-OH) that can 
concentrate around the Na+ ions and, therefore, may be capable offorming ionic clusters. 
This is reflected by the increase in its Ta with increasing the level of NaOEt present (Fig. 
4.9). It is known, in fact, that the Ta of glassy ionomers increases with increasing the 
extent of ionisation as a consequence of the formation of physical (ionic) crosslinks(9S). 
Furthermore, the Mlr and MI. of these mixes show a general decreasing trend (i.e. 
about 40%), which is supportive of the hypothesis regarding the formation of ionic 
clusters acting as physical cross links. 
This is even more evident from the SEM micrographs (Figs. 4.15, 4.16) which reveal 
a dramatic change in the morphology, becoming less well defined and tending towards 
the evolution of an IPN structure, with the exception of mixes containing oligomer RCT2, 
i.e. the low MW oligomer. 
The purpose of adding NaOEt was twofold, i) to catalyse the esterification reaction 
and ii) to increase the concentration of ions as a means of increasing the incidence or 
size of the ion clusters. The objective was only achieved, however, with respect to the 
second aspect, while no sign of ester formation was detected by the IR analysis. 
The solubility and water absorption tests, in fact, support the above conjecture with 
respect to ion clusters. A consistent increase in the amount of water absorbed by the 
samples after two hours boiling is noted with increasing the amount of NaOEt added 
(Tab. 4.9). Solubility tests show an increase in amount of residue observed when 2% 
NaOEt was added. The compatibilisers always exhibit a greater residue when 
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DMF/xylene was used as solvent (Tab. 4.6, § 4.2.4) both without and with 2% NaOEt. 
On the other hand, when 4% of NaOEt was added the opposite behaviour was" 
observed: i.e. a larger residue was found when cyclohexanone/xylene was used as 
solvent. 
This phenomenon is probably due to the exceeding of the critical ion concentration, 
at which point the greater ionising power ofDMF as a solvent towards salts of carboxilic 
acid (compared to cyclohexanone) becomes more important. 
The same conclusion can be drawn for the compatibiliser prepared in the extruder. 
The only difference being that they seem to show worse properties than those produced 
in the Plastograph, as already outlined in chapter 4. 
5.3 POLYOLEFIN-POLYESTER BLENDS 
The SEM micrographs of the non-compatibilised polyester-rich blend (Extr. 9) show 
the presence of nearly spherical particles with diameters ranging between 2 to 10J.llD and 
with an average diameter of 511m (Fig. 4.30). Although these particles are all well 
separated from the matrix by interfacial spacings of about 0.2-0.5IJ.1D, depending on the 
diameter of the particles, the particles themselves are not perfectly smooth denoting that 
a certain amount of adhesion exists between the phases. 
The total separation of the dispersed polyolefm particles from the matrix can be 
probably explained by the fact that they crystallise at a temperature more than lOO'C 
below the T. ofPBT. As they crystalise inside a dense PBT matrix whose coefficient of 
thermal expansion is much lower than that of the crystallising particles, they will separate 
away from the matrix, thus detaching themselves and producing the aforementioned 
interfacial spacing. 
The adhesion between particles and matrix would have to be extremely large to 
prevent formation of such spacings and in any case, unless the crystallisation of these 
particles or that of the surrounding matrix can be prevented, voids would always have 
to be formed as a result. With a perfect interphase adhesion the formation of voids would 
52 
-------------------------------------------------------
occur within the particles rather than at the interface. 
The possibility of a decrease in crystallinity of the matrix resulting from a strong 
adhesion to dispersed particles which would create resistive forces for the crystallisation 
induced shrinkage. is confll'llled by the Mir value for the blends. showing a 10% decrease 
as compared to that for pure PBT. This decrease in Mlr is much higher when the blend 
is compatibilised. 
The reduction in crystallinity of the matrix is reflected in the fmer morphology of the 
compatibilised blends (Fig. 4.31). They display a more narrow dispersion of the particles 
diameter. averaging around 2-4J.1m. The adhesion between the phases is also greatly 
improved. having all the interfacial gap almost vanished. with a resultant improvement 
in mechanical properties; Le. 12% increase in the yield stress and a 5% increase in the 
yield strain. 
Using a compatibiliser containing NaOEt (Extr. 13-15) further depresses the heat of 
fusion of the matrix and improves the adhesion of the phases. as can be seen in the 
micrographs (Fig. 4.32). They display. in fact. a tendency to loose the spherical geometry 
of the dispersed phase and give rise to production of broken particles. suggestive of 
improved transmission of force between the phases. 
These changes. however. do not bring about further improvements in mechanical 
properties. probably because the maximum adhesion between the phases has already 
been reached, and in any case the matrix may have weakened as a result of the decrease 
in its level of crystallinity. 
, It is interesting to note. in fact. that the blends showing better mechanical properties 
are generally those containing the maximum amount of montanic acid (0.3% )(Le. Extr. 
12 and 15). which acts as nucleating agent for PBT. as shown by the higher Mir values. 
which is supportive of the above argument on the role of the crystallinity of the matrix. 
rather than just interfacial adhesion. 
The same conclusions can be drawn for the polyolefin-rich blends (Extr. 16-22). 
The non compatibiIised blends also show the presence of interfacial voids (Fig. 4.33). 
although they are much smaller (1-2J.1m) due to the fact that the dispersed phase crystalises 
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fIrst and shrinkage now occurs in the opposite direction, i.e. the crystallising dispersed 
phase can easily drag the molten matrix, while voids are fonned at lower temperature 
and with a lower volumetric shrinkage, partially due to the lower level of crystallinity 
of the polyolefrn matrix with respect to PBT. 
The addition of a compatibiliser refines the morphology to the extent of developing 
a non spherical dispersed phase strongly adhering to the matrix, as can be inferred by 
the breaking of the dispersed particles as well as the matrix (Figs. 4.34, 4.35). 
Not all of the particles seem, however, to behave in the same way, some of them 
seem to show less adhesion, as they are present as intact particles, while holes are left 
by their removal during the breaking process. This can be explained assuming that the 
residence time in the extruder was not enough for all the particles of the blends to receive 
the same level of compatibiliser in the mixing operation. This may also explain the reason 
why the properties of compatibilisers were found to be better when using the Plastograph 
for the mixing operation. 
Very interesting are the mechanical properties of the blends containing NaOEt in the 
compatibiliser (Fig. 4.37), as compared with those that did not (Fig. 4.38). 
Blends produced with compatibilisers containing NaOEt show an increase in the yield 
strain but no change in either the maximum or the yield stress. On the other hand, when 
no sodium was present in the compatibiliser, both the maximum stress and yield stresS 
increased only slightly (2-3%), while the yield strain increased by up to 50%. 
This behaviour seems to be connected with the level of crystallinity, i.e. Mlr, which 
is always higher for blends containing sodium ions. No broad connections between the 
above mentioned phenomena can be made in view of the anomalies of the Mlr value for 
Extr. 21. An analysis of the heat of crystallisation, however, seems to confIrm the 
relationship between the mechanical properties and the degree of crystallinity. 
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5.4 CONCLUSIONS 
The aim of this work was to investigate the use of co-ionomer mixtures as 
compatibilisers. 
A review of the literature revealed that, although some recent work on the use of 
ionomers has been reported, the idea of exploiting a mixture of two different ionomers 
as compatibiliser has never been pursued before. 
The behaviour of a mixture of a polyolefin based ionomer and a polyhydroxyether 
was investigated. This mixture was modified by adding an ABA oligomer, obtained by 
reacting montanic acid and different molecular weight epoxy resins, and different 
amounts of NaOEt. 
After a complete characterisation programme some of the mixture were further 
investigated for their efficiency as compatibilisers for a polyester-polyolefm blend. 
The characterisation of the compatibilisers revealed that their homogeneity is largely 
affected by: 
i) The presence of an ABA oligomer, and in particular the low molecular weight (with 
high level of montanic acid) act as nucleating agents for the ionomer. This impairs 
the compatibility of the mixture because of its increased crystallisation rates, which 
promotes phase separation. On the other hand, the high molecular weight oligomer 
with less than 20% of montanic acid improves the miscibility of the mixture up to 
the formation of co-continuous phases. 
ii) The addition of a sodium organic base increases the ion-ion interaction in the 
ionomer leading to an appreciable reduction in its crystallinity and promoting 
ion-dipole interactions in the polyhydroxyether, with a dramatical increase in Ta of 
this component. 
ill) The addition of both modifiers produces an increase in the miscibility of the two 
components in the compatibiliser, leading to improved mechanical properties and the 
formation of Interpenetrating Networks (IPN). 
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The addition of these compatibilisers to a polyester-polyolefm blend has produced 
an increase in the compatibility of the blends, as revealed by: 
i) The disappearance of interfacial spaces between the two phases in fractured 
specimens 
ii) A reduction of the dimensions of the dispersed particles and nanowing of their 
diameter distribution 
ill) An increased interfacial adhesion between the phases 
iv) An increase in both stress and strain at yield for the polyester rich blends 
v) A large increase in the strain at yield (>90%) for the polyolefm rich blends 
vi) An increase (40-50%) in the elastic recovery of the polyolefm rich blends 
The effect of the amount and nature of sodium ions on the morphology and miscibility 
of the compatibilisers, however, remains not clear. 
5.5 SUGGESTIONS FOR FURTHER WORKS 
Suggested areas for further developments are: 
i) Investigation of the effect of varying more widely the sodium ions concentration 
and acid content of the copolymer used for the compatibiliser to clarify the conditions 
for critical ion concentration in the formation of ionomeric clusters 
ii) Investigation of the behaviour of the compatibilisers with different type of sodium 
and other metals, such as Mg and Zn salts, both organic and inorganic in order to tmd 
out the effects of dimension of cation 
ill) Investigation of the compatibility of polyester-polyolefm blends in the range of 
composition where the two phases are co-continuous (probably 40/60 - 60/40) 
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iv) Utilisation of the co-ionomer compatibiliser as a modifier for polyester without 
a polyolefm to study the efficiency of these systems with respect to toughness and 
nucleation. 
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Tab. 3.1; Characteristics of Epoxjde resins ffipikotel 
Epikote Epoxy group content Tg rC) n 
Code (mmol/g) 
834 3.5 0.8 
1001 2.1 26 2.1 
1009 0.4 80 16.4 
1055 1.2 49 4.7 
Tab. 3.2; Composition of ABA oIi20rners 
ABA Epikote Epoxy resin Montanic acid Montanic acid 
Code code (%) (%) excess (%) 
RCT2 834 40 60 5 
RCT3 1001 52 48 4 
RCT4 1009 89 11 -23 
RCT4b 1009 84 16 20 
RCT5 1055 63 37 18 
Tab. 3.3; Synthesis conditions for the preparation of ABA oli~mers 
Stirring Non stirring 
ABA Temp.rC) Time (b) 
Code 
Temp·rC) Time (b) 
RCT2 130 14 90 17 
RCT3 140 20 100 15 
RCT4 160 40 130 60 
RCT4b 160 29 130 17 
RCT5 150 30 130 20 
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Tab. 3.4; Composition (pbrl of Surlm-Phenoxy COJDnatibilisers prepared in the 
Pla'lto2Olnh 
Code S~ Phenoxy ~~ Oc¥f. ~. Ot!f. NaOEt Ukar R 4 R ~b R 5 
PKllli 
Mix 1 50 50 
Mix 2 50 50 5 
Mix 3 50 50 13 
Mix 4 100 5 
Mix 5 100 5 
Mix 6 50 50 5 
Mix 7 100 20 
Mix 8 100 20 
Mix 9 50 50 20 
Mix 10 100 5 
Mix 11 100 5 
Mix 12 50 50 5 
Mix 13 100 30 
Mix 14 50 50 2.2 
Mix 15 50 50 15 
Mix 16 50 50 30 
Mix 17 100 2.2 
Mix 18" 100 
Mix 19 75 25 22 
Mix 20 50 50 2.4 
Mix 21 50 50 20 
Mix 22 75 25 15 
Mix 26 50 50 2 
Mix 27 50 50 5 2 
Mix 28 50 50 2.4 2 
Mix 29 50 50 10 2 
Mix 30 50 50 19 2 
Mix 31 50 50 3.2 
Mix 32 50 50 6 
Mix 33 50 50 16 
Mix 34 75 25 5.3 
. Mix35 100 18.5 
Mix 36 100 3.2 
Mix 37 100 8 
Mix 38 50 50 2.4 4 
Mix 39 50 50 19 4 
Mix 40 50 50 3.2 2 
Mix 41 50 50 6 2 
Mix 42 50 50 16 2 
Mix 43 50 50 4 
Mix 44 50 50 2.2 2 
Mix 45 100 4 
Mix 46 100 2 
Mix 47 100 2 
Mix 48 100 4 
a) 17% Montanic acid. 
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Tab. 3.5; Composition (phr) of Surlm-Phenoxy <50-50) compatibilisers 
prepared on a twin screw extruder 
Code Oligomer Oligomer NaOEt 
RCf4b RCI'2 
CpEl 
CpE2 5 
CpE3 10 
CpE4 10 
CpE5 2 
CpE6 5 2 
CpE7 10 2 
CpE9 10 2 
Tab. 3.6; Composition of polyester-polyolefin blend 
Code PBT Lucalen CpEl CpE3 CpE4 CpE5 CpE7 CpE9 
Extr.9 77.5 22.5 
Extr.lO 75 20 5 
Extr.ll 75 20 5 
Extr.12 75 20 5 
Extr.13 75 20 5 
Extr.14 75 20 5 
Extr.15 75 20 5 
Extr.16 22.5 77.5 
Extr.17 20 75 5 
Extr.18 20 75 5 
Extr.19 20 75 5 
Extr.20 20 75 5 
Extr.21 20 75 5 
Extr.22 20 75 5 
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Tab. 4.1; Acid Value of Qligomers 
Sample A.N.t A.N.2 
Montanic 140 
acid 
RCf2 10.7 18 
RCT3 22 46 
RCT4 3 30 
RCT4b 8 51 
RCT5 15 41 
1) Value of the whole oligomer. 2) Value referred only to themontanic acid percentage 
present in the oligomer. 
Tab. 4.3; Thermal characteristics of Surlm-Phenoxy comnatibiIisers prepared 
in Extruder 
Code Tm rC) Mlr (ca1!g) T.rC) MI. (ca1!g) 
CpEl 99.6 16.40 60.0 26.20 
CpE2 100.2 17.70 59.6 26.82 
CpE3 100.5 21.52 60.6 29.41 
CpE4 100.5 22.59 60.4 31.53 
CpE5 99.6 19.22 56.5 24.50 
CpE6 99.2 14.34 54.6 21.16 
CpE7 98.8 17.16 54.8 24.44 
CpE9 99.9 20.79 56.4 25.49 
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Tab. 4.2: Thermal characteristjcs of Sudm-Pbenoxy COJDpatjbilisers prepared in 
Plastrummh 
Code T .. ("C) Mlr Te rC) MI. TB re) (cal/g) (cal/g) 
Surlyn 99.8 14.36 60.0 17.32 
Phenoxy 93.8 
Mix 1 101.0 14.16 63.1 19.30 
Mix 2 100.3 14.45 64.5 20.22 
Mix 3 99.5 19.10 65.9 26.67 
Mix 4 102.7 17.52 61.2 19.87 
Mix 5 99.1 
Mix 6 99.8 14.13 66.5 19.32 
Mix 7 100.0 20.38 66.5 23.58 
Mix 8 94.8 
Mix 9 99.4 20.59 67.5 25.85 
Mix 10 100.9 15.56 62.5 17.51 
Mix 11 97.8 
Mix 12 100.0 13.90 65.1 20.60 
Mix 13 100.5 16.16 64.0 19.21 
Mix 14 100.5 13.41 63.3 16.80 
Mix 15 99.7 16.97 62.6 21.62 
Mix 16 100.4 13.44 62.6 14.35 
Mix 17 98.7 
Mix 18 101.2 19.59 69.9 23.53 
Mix 19 100.8 13.11 63.0 15.10 
Mix 20 99.7 14.11 64.2 20.87 
Mix 21 99.8 13.61 63.0 17.93 
Mix 22 101.0 15.50 61.7 18.57 
Mix 26 96.3 7.12 49.9 8.32 
Mix 27 96.5 9.33 51.3 12.63 
Mix 28 95.2 7.18 49.0 8.92 
Mix 29 97.5 7.26 49.8 9.39 
Mix 30 96.5 8.81 51.1 9.85 
Mix 31 101.1 14.10 67.0 19.09 
Mix 32 101.4 14.73 64.8 19.27 
Mix 33 99.3 16.63 65.7 21.48 
Mix 34 100.8 15.51 53.2 63.2 
Mix 35 100.7 18.08 64.1 20.26 
Mix 36 100.2 
Mix 37 101.0 17.55 66.7 20.89 
Mix 38 92.4 1.15 41.6 3.00 
Mix 39 95.9 6.10 45.1 5.93 
Mix 40 99.0 7.66 48.8 8.86 
Mix 41 99.6 10.52 51.3 12.31 
Mix 42 99.3 12.32 53.1 14.75 
Mix 43 93.1 2.66 43.5 5.62 
Mix 44 96.0 6.56 49.0 9.88 
Mix 45 100.0 8.94 48.6 9.55 
Mix 46 101.9 12.39 59.2 14.35 
Mix 47 114.9 
Mix 48 121.8 
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Tab. 4.4: Mecahnical properties of Sudvn-Phenoxy compatibilisers prepared in 
Plastol:f3Ph 
Code Stress Strain Yield or 
(MPa)' (%)' Break" 
Surlyn 17.04 c Y 
Phenoxy 62.09 18.73 Y 
Mix 1 15.67 15.12 Y 
Mix 6 10.90 6.56 B 
Mix 9 10.32 5.36 B 
Mix 14 15.83 8.92 B 
Mix 16 18.36 6.14 B 
Mix 20 15.14 8.68 B 
Mix 21 17.62 6.47 B 
Mix 25 15.45 13.36 Y 
Mix 26 19.72 19.75 Y 
Mix 27 15.89 6.00 B 
Mix 28 15.14 6.39 B 
Mix 30 18.35 6.19 B 
Mix 31 12.21 5.08 B 
Mix 33 8.6 5.02 B 
Mix 38 23.5 21.04 Y 
Mix 39 24.47 8.47 B 
Mix 40 12.83 5.53 B 
Mix 42 14.74 5.60 B 
Mix 43 22.00 62.08 Y 
Mix 44 17.61 14.58 Y 
Mix 45 18.23 c Y 
Mix 46 15.51 c Y 
a) All values are the maximum recorded. b) Y = sample yields before breaking; B = 
sample breaks before yielding. c) Does not break at 125% elongation. 
Tab. 4.5: Mechanical properties ofSurlm-Phenoxy compatibiIisers prepared in 
the extruder 
Code Stress Strain Yield or 
(MPa)' (%)' Break" 
CpE1 17.39 17.31 Y 
CpE2 13.12 6.70 B 
CpE3 12.09 3.95 B 
CpE4 15.60 5.26 B 
CpE5 17.06 21.66 Y 
CpE6 16.36 14.12 Y 
CpE7 15.49 8.82 B 
CpE9 14.18 6.76 B 
a) All values are the maximum recorded. b) Y = sample yields before breaking; B = 
sample breaks before yielding. 
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Tab. 4.6; Results of solubility tests for Surlyn.Phenoxy compatibilisers prapared 
in the P!astolm'Pb 
Code Residue' Residueb Residue· 
(%) (%) (%) 
Surlyn none none 
Phenoxy none none 
Mixl 9 <1 
Mix3 12 <1 
Mix9 16 <1 
Mix14 13 <1 
Mix16 14 <1 
Mix19 13 <1 
Mix20 15 2 
Mix21 20 <1 
Mix22 21 <1 
Mix26 31 7 none 
Mix27 32 3 none 
Mix28 47 15 none 
Mix30 19 1 
Mix33 26 3 
Mix38 64 73 none 
Mix39 48 54 none 
Mix42 37 22 none 
Mix44 66 11 none 
All value after 2 hours boiling: a) in DMF/xylene, b) in Cyclohexanone/xylene, c) in 
cyclohexanone/xylene + 2% fonnic acid. 
Tab. 4J; Results or solubility tests on Phenoxy and Phenoxy + ABA oJiwner 
Code Residue in 
DMF(%) 
Phenoxy none' 
Mix8 none' 
Mix 11 none' 
Mix36 none' 
Mix47 noneb 
Mix48 noneb 
a) Mter 20 min. boiling. b) Mter 30 min boiling. 
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Tab. 4.8; Results of solubility tests for SurJyn.Phenoxy compatibiIisers prepared 
in the extruder 
Code Residue' Residueb Residue· (%) (%) (%) 
CpEl none none 
CpE2 none none 
CpE3 14 none 
CpE4 23 none 
CpE5 18 2 
CpE6 14 9 1 
CpE7 26 6 <1 
CpE9 15 12 <1 
All value after 2 hours boiling: a) in DMF/xylene, b) in Cyc1ohexanone/xylene, c) in 
cyc1ohexanone/xylene + 2% fonnic acid. 
Tab. 4.9; Results of water absorption tests 
Code Water 
Absorbed 
(%) 
Surlyn 2.0 
Mix46 3.1 
Mix45 7.2 
Phenoxy 2.8 
Mix47 10.3 
Mix48 20.2 
Mix25 l.9 
Mix26 5.1 
Mix43 7.0 
All results after 2 hours boiling. 
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Tab. 4.10: Value of I.. and T. for the polyester phase 
Non Annealed Annealed 
Blend Tm(,C) Te("C) Tm('C) TerC) 
PBT 230.4 192.0 231.6 188.2 
Extr9 229.4 191.7 230.6 183.8 
Extr 10 229.6 200.5 229.2 185.8 
Extr 11 228.3 199.9 229.7 185.0 
Extr 12 230.2 200.3 229.4 183.6 
Extr 13 229.2 200.6 228.1 188.5 
Extr 14 229.8 201.0 229.4 184.7 
Extr 15 230.2 200.5 228.2 189.9 
Extr 16 227.6 188.4 
Extr 17 227.8 189.0 
Extr 18 226.2 200.0 
Extr 19 226.6 200.4 
Extr20 225.0 199.4 
Extr 21 224.6 200.1 
Extr22 226.0 199.6 
Tab. 4.11; Value of heat of fusion and crystallisation for the polyester pbase 
Non Annealed Annealed 
Blend AHf{cal/g) Lllic{cal/g) AHf{cal/g) MIc(cal/g) 
PBT 14.68 13.87 14.30 15.50 
Extr9 13.19 13.12 14.71 14.88 
Extrl0 11.63 12.40 12.92 13.80 
Extr 11 11.47 12.08 15.51 14.49 
Extr 12 12.25 12.05 14.64 14.47 
Extr 13 10.07 10.87 12.35 13.95 
Extr14 10.83 10.29 13.63 14.07 
Extr 15 11.20 12.03 12.09 11.89 
Extr 16 7.96 2.90 
Extr 17 6.73 9.34 
Extr 18 10.65 10.80 
Extr 19 11.65 11.10 
Extr20 12.15 8.00 
Extr21 15.05 12.05 
Extr22 9.15 8.75 
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Tab. 4.12: Value of TID. Tc. Heat of fusjon and CrystaJljS3tion for the polyolefinjc 
~ 
Blend TmrC) AUf(callg) T.rC) Lllic(callg) 
LucaIen 101.6 23.07 76.9 20.01 
Extr9 98.6 17.33 75.8 19.29 
Extr 10 98.7 13.00 76.2 22.45 
Extr 11 99.3 6.45 75.8 12.80 
Extr 12 99.3 9.80 75.8 15.35 
Extr 13 99.0 8.10 75.9 18.15 
Extr 14 98.9 14.10 75.8 17.60 
Extr 15 99.9 9.25 76.0 16.85 
Extr 16 101.4 22.28 75.5 19.72 
Extr 17 101.1 20.17 76.2 18.20 
Extr 18 99.9 19.47 76.3 19.93 
Extr 19 99.8 18.15 76.2 18.51 
Extr20 100.2 20.96 76.3 18.17 
Extr21 99.5 15.47 76.6 20.21 
Extr 22 101.9 19.07 75.8 18.80 
Tab. 4.14: Stress and Strain yalue for PQyester-oolyoJefin blends 
Non AnneaIed AnneaIed 
Blend Stress Strain (%) Stress Stress Strain (%) 
(MPa) @2oo%ext (MPa) 
(MPa) 
PBT 55.24 4.96 61.32 9.22 
Extr9 34.46 5.15 38.30 7.04 
Extr 10 37.78 5.17 42.67 7.33 
Extr 11 37.94 5.22 42.21 7.00 
Extr12 38.49 5.41 43.30 7.28 
Extr 13 39.20 5.15 43.52 7.02 
Extr 14 38.76 5.18 43.48 7.10 
Extr15 39.08 5.552 43.78 7.17 
LucaIen 3.84 28.98 6.60 
Extr 16 7.34 44.84 8.38 
Extr 17 . 8.91 65.46 9.52 . 
Extr 18 9.03 65.47 9.67 
Extr 19 8.44 60.58 8.70 
Extr20 7.21 82.82 7.61 
Extr21 6.90 86.77 7.28 
Extr22 . 7.26 81.53 7.77 
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Tab. 4.15: Room temperature Elastic recovery (t>lQQOb) 
Sample Elastic recovery (%) 
Lucalen 39 
Extr 16 17.2 
Extr 17 24.4 
Extr 18 24.2 
Extr 19 21.6 
Extr20 24.6 
Extr21 26.0 
Extr22 24.0 
74 
------------------------------------------------------------------
8 
AP' J:<'NDIX 11 
FIGURES 
75 
a) 
b) 
c) 
-O'~T"""",---------------------' 
.... 
" 
•• 
-0. ~ 
-0.' 
-0.1 
-1.0 
,---
" " 
U."·!! 
~.Ol~Cll/t 
IOO.17'"'C 
". l .. __ t_ .. ,-., 
80.92·C 
l.701k"l/~ 
ga.50"C; 
". ... " . '" 
211.~a·1; 
!..OgQc .. t/1 
-0.,;-,--------------------, 
7 •• '0"C 
~1 .• ou\/t 
-0.1 
-0. , 
-0.' 1!H.37-e 
-O~. _ ~ _ ," rn _ = _ _ _ _ 
h_ltur. ("0 
Fig. 3.1: Example of DSC traces and baseline drawing. a) Surlyn-Phenoxy. b) 
Polyester-polyolefin, polyester major component. c) Polyester-polyolefin, polyolefin 
major component. 
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Fig. 3.2: Rapresentation of tensile bars. 
Dimention Type A TypeB 
(mm) (mm) 
T 3 1 
L. 190 75 
W. 13 4 
Wo 19 12 
G 70 25 
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Fig. 3.3: Stress-Strain curves. a) Polyester and polyester-polyolefin (polyester major 
component). b) Polyester-polyolefin (polyolefin major component). c) Polyolefin. 
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Fig_ 4.6: ~ and MI" values of Surlyn and Mixes consisting of only Surlyn and ABA 
oligomers. 
Code Olig. (pbr) 
Mix4 SRCf2 
Mix7 20RCf2 
Mixl0 SRCf4 
Mix13 30RCf4 
Mix18 17% Montanic acid 
Mix3S 18.S RCfS 
Mix37 8RCfS 
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Fig. 4.7: Ta values of Phenoxy and Mixes consisting of only Phenoxy and ABA 
oligomers. 
Code Olig. (phr) 
Mix5 5.0 RCT2 
Mix8 20.0 RCT2 
Mixll 5.0 RCT4 
Mix 17 2.2 RCT4 
Mix36 3.2 RCT5 
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Fig. 4.1 0: Micrographs of Surlyn-Phenoxy blends. 
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Fig. 4.11: Micrographs of Surlyn-Phenoxy blends containing RCT2; Mix2 (S.Ophr). 
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Fig.4.13: Micrographs ofSurlyn-Phenoxy blends containing Rcr4b; Mix 21 (2Ophr) . 
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a) 
b) 
Fig.4.14: Micrographs ofSurlyn-Phenoxy blends containig RCf5; a) Mix31 (3.2phr), 
b) Mix 32 (6.Ophr). 
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Fig. 4.15: Micrographs of Surlyn-Phenoxy blends containing RCf4b and NaOEt; a) 
Mix30 (19phr/4phr), b) Mix 39 (l9phr/4phr). 
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Fig. 4.16: Micrographs of Surlyn-Phenoxy blends containing 2phr NaOEt and other 
oligomers; a) Mix27 (Sphr RCf2), b) Mix42 (16phr RCfS). 
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Fig. 4.17: Micrographs of Surlyn-Phenoxy blends prepared on the extruder; a) CpE I, 
b) CpE7 (IOphr RCf4b/2phr NaOEt). 
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Fig_ 4_18: Effect of NaOEt on mechanical properties of Surlyn-Phenoxy 
compatihiliser_ 
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Fig. 4.19: Stress at yield of Surlyn-Phenoxy compatibilisers containing: a) Ren, b) 
RCfS, c) RCf4, d) RCf4b. 
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Fig. 4.20: Strain at break: for Surlyn-Phenoxy compatibilisers containing: a) RCT2, 
b) RCfS, c) RCf4, d) RCf4b. 
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Fig. 4.21: Infrered spectrum for: a) Surlyn and b) Phenoxy. 
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Fig. 4.22: Infrered spectra of Surlin-Phenoxy compatibiliser a) without, and b) with 2phr NaOEt. 
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Fig. 4.23: Infrered spectra of Surlin a) without, and b) with 2phr NaOEt. 
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Fig. 4.24: Infrered spectra of: a) Surlin-Phenoxy compatibiliser. b) containing 13phr oligomer RCT2 (Mix3). c) containing 20phr 
oligomer RCf4b (Mix21). 
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Fig. 4.25: Infrered spectra of: a) Phenoxy, b) Phenoxy containig 2phr NaOEt, c) Phenoxy containing 4phr NaOEt. 
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Fig. 4.26: DSC traces of a) Extt9, b) Extrl6. 
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Fig. 4.27 : Mlr and MI" values of polyester in polyester rich polyester-polyolefm 
blends, annealed and non. 
Code PBT Lucalen CpEl CpE3 CpE4 CpES CpE7 CpE9 
Extr.9 77.5 22.5 
Extr. lO 75 20 5 
Extr.ll 75 20 5 
Extr.12 75 20 S 
Extr.13 75 20 S 
Extr.14 75 20 5 
Extr.15 75 20 S 
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Fig. 4.28: DSC traces of PBT showing splitting of melting peak in the second heating cycle. 
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Fig. 4.29: Mlr and MI. values of polyolefin in polyolefin-rich polyester-polyolefrn 
blends. 
Code PBT Lucaien CpEl CpE3 CpE4 CpE5 CpE7 CpE9 
Exu.16 22.5 77.5 
Exu.17 20 75 5 
Exu.18 20 75 5 
Exu.19 20 75 5 
Exu.20 20 75 5 
Exu.21 20 75 5 
Exu.22 20 75 5 
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Fig. 4.30: Micrographs of Extr9. 
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Fig. 4.31 : Micrographs of Extrll (5% CpEI ). 
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Fig. 4.32: Micrographs of Extr15 (5% CpE8). 
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Fig. 4.33: Micrographs of Extr16. 
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Fig. 4.34: Micrographs of Extrl7 (5% CpEI). 
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Fig. 4.35: Micrographs of Extr20 (5% CpE5). 
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Fig. 4.36: Comparison of mechanical properties between annealed and non annealed 
blends rich in polyester. 
Code PBT Lucalen CpEl CpE3 CpE4 CpE5 CpE7 CpE9 
Extr. 9 77.5 22.5 
Extr.lO 75 20 5 
Extr.ll 75 20 5 
Extr.12 75 20 5 
Extr.13 75 20 5 
Extr.14 75 20 5 
Extr_15 75 20 5 
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Fig. 4.37: Mechanical properties of polyolefin rich blends without NaOEt 
Code PBT Lucalen CpEl CpE3 CpE4 
Extr.16 225 77.5 
Extr.17 20 75 5 
Extr.18 20 75 5 
Extr.19 20 75 5 
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Fig. 4.38: Mechanical properties of polyolefin rich blends containig NaOEt. 
Code PBT Lucalen CpE5 CpE7 CpE9 
Extr.16 22.5 77.5 
Extr.20 20 75 5 
Extr.21 20 75 5 
Extr.22 20 75 5 
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Fig. 4.39: Elastic recovery at t>IOOOh for polyolefin rich blends. 
Code PBT Lucalen CpE! CpE3 CpE4 CpE5 CpE7 
Extr.l6 22.5 77.5 
Extr.17 20 75 5 
Extr.18 20 75 5 
Extr.19 20 75 5 
Extr.20 20 75 5 
Extr.21 20 75 5 
Extr.22 20 75 
117 
CpE9 
5 
26 .-------------------------------------~ 
24 
22 
20 
18 
.... ---------.------------------------------- ------------------ - ---------- - ------- - -- ----------------------".«:.~::~~ 
/ 
br// 
///// 
/ 
/ 
/ . 
------------------- ---------------- ---- _.-----------.-._--------------,....----- ------------------------------- ----------
L1 ///~///////// 
// 
""-,,,,-, 6-
-------------------------;s;;;.-<-------------------------------------------------- -- -- --------- --------------- ---
-""""""", 
/ 
///// 
---------------------------------------------- -----0 ----------------- -- -----------------------------------------
L1 IJIJ 
1 6 0 __ --- --------------------------- ------ --------------------------------------------- -- ----- -------------------------
1 4 --------------------------------------- ------------------------------------ -- -------------------- ----------- ---------
12 
o 2 468 
Montanic acid (%) 
Melt Cryst 
o ---6,- --
10 12 
Fig_ 5_1 : Effect of Montanic acid on Surlyn M1,. overall percentage of Montanic acid 
in the blends_ 
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